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ABSTRACT This study examines present damage assess-
ment and repair techniques for advanced base waterfront
facilities.  Limited planning has been done to identify
mission objectives and operation requirements for these

facilities.
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N ) 1.1 BACKGROUND
‘,,‘.-'_":
l:" ..
:{\ The purpose of this report is to provide general guidance
R
S for assessing damaged waterfront facilities and to recommend
M .
methods of expedient repair. This will allow the shipment of
'}ﬁ supplies for military troops in a Theater of Operations (TO) to
LN
fﬁ& continually function. The information that was developed is an
'*I 13 ) ) » ) 0
X 0 answer to military and non-military damage inflicted upon the
Wy
o waterfront facility.
'%:% This is in response to the identification of war damage, by
{fj the Naval Maritime Strategy, as a critical Naval Construction
- Force (NCF) capability. Limited planning has been done to
‘:q identify mission objectives and operation requirements for
N Cq s .
'jﬁ advanced base waterfront facllities. Expedient damage assessment
ﬁfﬁ and repair techniques are to be addressed.
p)
o
% 1.2 SCOPE
’ 9
3::-
e The scope of this investigation 1includes a review of
.. available publications to identify methods and materials used in
L ' "
Qa$. previous damaged facilities. Specific purposes were to provide
ol . e . . : : . :
%Q: 1dentification of mission objectives and operational
; \ . . . . .
;ﬁﬁ requirements, including required restoration times;
0. identification of repair replacement conuepts, including those
) ..
P reguiring further development.
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1.3 SUMMARY
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Expedient damage assessment and repailr of waterfront

facilities has had limited ©planning to identify mission

ELIR S

objectives and operation requirements. This study examines
present damage assessment and repair techniques and elaborates on

v new systems which can be 1incorporated into the damage repair

fi scheme.
by
,3 The areas which are examined are types of damage that can
f occur to the waterfront facility, damage assessment, and repair
3 method. Special attention is given to new methods concerning
3 each area of discussion.
q 1.4 CONCLUSIONS
- The following conclusions are drawn from this study:
{ o The requirements for waterfront damage repair are
j inherent in the Strategic Sealift Mobility programming
‘Q of ships necessary to sustain deployed forces but they
. are not specifically stated.

o Procedure guidelines need to be developed for
;" waterfront damage assessment operations.
A o Utilities and cargo transfer systems are presently not
:; covered under waterfront damage assessment operations.
b o The use of artificial ihtelligence is not incorporated
{ into the present damage assessment scheme.
R Y
;: o The construction force which 1s delegated to the repai:
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1.3 SUMMARY

Expedient damage assessment and repair of waterfront
facilities has had 1limited planning to identify mission
objectives and operation requirements. This study examines
present damage assessment and repair techniques and elaborates on
new systems which can be incorporated into the damage repair
scheme.

The areas which are examined are types of damage that can
occur to the waterfront facility, damage assessment, and repair
method. Special attentior is given to new methods concerning
each area of discussion.

1.4 CONCLUSIONS
The following conclusions are drawn from this study:
o The requirements for waterfront damage repair are
inherent in the Strategic Sealift Mobility programming

of ships necessary to sustain deployed forces but they

are not specifically stated.

-7 o) Procedure guidelines need to be developed for
. '
- waterfront damage assessment operations.
o
':\'J
s e
® o Utilities and cargo transfer systems are presently not
' v
“ covered under waterfront damage assessment operations.
'_:
Y
N3 Ces s .. . . .
K.+ o The use of artificial 1htelligence 1is not incorporated
€
® into the present damage assessment scheme.
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operation does not stockpile or have pre-constructed

modular repair packages.

Repair concepts from other areas of design need to be
integrated into present repair methods.

Existing removal/repair equipment needs to be upgraded
to involve available new commercial systems for use in

waterfront damage repair.

Engineers must work with second hand information in the
area of underwater assessment, therefore clear, color

pictorials are very important.

The requirements for waterfront damage repair are
inherent in the Strategic Sealift Mobility programming
of ships necessary to sustain deployed forces but they
are not specifically stated.

It is impractical to procure, ship, and stock pile
damage repair material and equipment at each advance
base. The indigenous resources should be investigated
and identified so as repair methods can be formulated
using the available material and equipment.

Training the NCF how to do waterfront damage repair
requires an approach that will appeal to the
educational 1level of the expected military personnel
available. Since most of personnel have been exposed
to video games, an educational tool can be devised that
would combine the visual display with the challenge of
completing the repair with .natrsrial and equipment at
hand within the shortest time pocssible or before
something else happens (e.g ship ready to dock,

supplies needed at the front, troops are in danger ot

1-3
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attack, etc.). This type of training could be augmented
with some realistic training aids similar to "butter-

cup" damage control training done by the NAVY.

Military exercises testing the capabilities of advance
base survivability, such as Salty Demo, have been
documented by a 16 Volume report. To achieve the most
benefit from these exercises, a detailed review 1is
necessary to extract the "lessons learned" as they
relate to waterfront repair and formulate a viable
program of investigations, corrections and testing to
validate effectiveness of solutions prior to fleet

introduction.

The use of knowledge based expert systems have not been
incorporated into the damage assessment and repair

methodology for damaged waterfront facilities.

1.5 RECOMMENDATIONS

The following recommendations are made as a result of this

study:

The inherent requirements of continuous Advance Base
Operations to insure the timely restoration of cargo
throughput after enemy action need to be specifically
stated and actively supported.

Assessment guidelines should be developed in a mnanner
such to parallel naval bridge inspection and offshore

structure inspection.
Utilities and cargo transfer systems need methods to

evaluate damage assessment and provide for expedient

repair.
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Artificial 1intelligence should be incorporated into

underwater assessment. The use of ROV’s (e.g.
miniROVER) and towed bodies (e.g. side scan sonar)
should be used in combination with diving inspection
teams. These inspection systems can be used to gather
information from small cramped areas or over wide areas
in detail.

Repair methods presently used in other areas of
structural design, should be used in waterfront damage
repair. The methods include king post truss method,
isolation bearings and steel plate foundation.

The use of assessment instrumentation should be
incorporated into the structure during construction.
Such as strain gauges, which can be used at anytime to
analyze the load carrying capacity of the structure.

The construction force should stockpile pre-
constructed modular repair packages to be used 1in

several damage repair scenarios.

Available commercial repair/removal equipment (e.g.,
waterjet cutters) should be used to upgrade
damage/removal equipment (e.g.,diamond saws) presently
being used.

Some engineers should be qualified divers to assist the
inspection of the underwater structure and to develop

an assessment of the critical components.

The inherent requirements of continuous Advance Base
Operations to insure the timely restoration of cargo
throughput after enemy action rz2ed to be specifically
stated and actively supported.
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o Advanced Planning of how to do waterfront damage repair
with indigenous resources needs to be investigated and
repair methods will bhe formulated using the available
material and equipment.

o Training aids that would combine real time interaction
between the student and the visual display similar to a
"video game" is needed. The challenge of completing
the repair with material and equipment at hand within
the shortest time possible or before something else
happens; e.g. ship ready to dock, supplies needed at
the front, troops are in danger of attack, etc., should
be included. This training should be augmented with
some realistic full size training aids similar to
"butter-cup" damage control training done by the NAVY.

o Review and extract the "lessons learned" as they relate
to task of the waterfront damage repair and formulate
correcticns with testing necessary to validate
effectiveness of solutions.

333
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o The use of a knowledge based expert system should be

-
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analyzed to be used as a planning/training tool for
waterfront damage repair.
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SECTION 2

DISCUSSION

2.1 WATERFRONT DAMAGE REQUIREMENTS

As expressed by Admiral Trost in his January 1987
Proceedings article; "Our National Defense Strategy rests on
three pillars: deterrence, forward defense, and allied
solidarity." The forward defense pillar is highly dependent of
having advance basing to support the deployed forces. The Naval
Construction Force (NCF) will establish and man the forward
logistic support base to insure sustainability of the operational

forces. These forward base facilities are the "Force
Multipliers" as stated by LCDR McAfee in his July 1987 Military
Engineer article on "Facilities Readiness, A Strategic
Imperative". To insure these advanced bases are available when

needed, a waterfront survivability program is needed.

The Naval Maritime Strategy identifies war damage repair as
a critical NCF capability. Limited planning has been done to
identify mission objectives and operation requirements for
advance base waterfront facilities.

Waterfront damage repair is a generic operation conducted by
the NCF in time of conflict along with the facilities current
operator/owner. Little has been done to upgrade the NCF
capability to keep in step with the advancz weapons that will be
used early on in any conflict to disrupt the cargo throughput.
Advanced bases that shorten the loyistics supply lines 1n the
past were beyond the range of convent.onal weapons. Today’s

smart, long range weapons will present new challenges to

2-1




repairing damaged port facilities. Damage assessment methods and
'% equipment must be on hand to provide data gquickly, with
. sufficient and accurate detail to layout repair plans that will
™, restore the flow of cargo. These facilities include hLarbor
- anchorages, channels, locks, bridges, piers, jetties, material
‘ handling equipment, wutilities, storage areas, harbor utility
craft, ship repair facilities, communication/navigation controls,
ﬂ. and internal transportation system.

i

The Joint Army/Navy Strategic Mobility Program Development

- -

and Coordination, Memorandum of Agreement signed in December
1986, includes tasks to identify a family of deployable
waterfront facilities to serve as portable ship unloading for
mobile logistics support. This would be the extreme ultimate

answer to waterfront damage repair.

NATO has produced a guide outlining the Restoration of
Facilities of Communications, Ports, and Other Critical

\-;‘IF‘JJ)~H ’Kl‘l.f"{.’.

Installations After Hostile Action. This report examines key

-

PSS

areas and identifies the local responsible organizations who will

organize and prioritize the restoration operations in conjunction

with the area needs. There are no Navy specific manuals to aid

in base recovery, no equipment or repair items determined or

specified.

-
-la

The idea of our fixed advanced bases sustaining operations

in conflict is very often voiced in our Maritime Strategy, but

-\

the details of base mission restoration have not been articulated

.

and assigned a priority to assure timely completion. The time

> &

phased throughput, ship turn around times, and the restoration ot

-

other resources necessary to sustain the mission need to be

quantified. Predictions of potential damage are required to

I

assist in planning to assure tihe requisite repair material and

oS PR AAAAAAA ol

equipment is on hand. Then the Operational Requirements for war

damage repair of port facilities needs to be expressed in the

2-2
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proper programmatic format necessary for staffing and program

status.

Figure 2-1 illustrates a work breakdown structure which
reflects the required functions and repair requirements for a

damaged waterfront.
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2.2 DAMAGE

This section details possible damage on the operating
waterfront facility. Types of damage expected are broken into
two main headings, military and non-military. Each will be
addressed separately.

2.2.1 MILITARY DAMAGE

The purpose of this section is to examine possible military
threats. Damage can be assumed to be minimal damage (small
damage to piles, decking, cargo equipment) to total destruction
dependent upon weapons destructive force (e.g., damage scenarios
use damage inflicted by 250 kg. general purpose bombs which
explode on impact and leave craters which average 8.4 feet in
diameter).

The use of computer dgenerated damage simulations, such as
the Monte Carlo bomb damage computer programs, should be utilized
to assist in advanced planning. This type of simulation will
demonstrate damage scenarios which are proportional to possible
attack scenarios experienced. To further aid in the construction
of military missions, the review of previous military exercises,
such as Salty Demo, would further assist in advanced planning for

advanced military bases.
2.2.1.1 Paramilitary/Clandestine Attack

These insurgent attacks will likely be directed against such
targets as stored cargo, moored vessels and the facility
structure. There are an extensive array and variety of exotic,
as well as conventional weapons, that can be used by insurgent
forces. Many Third World Nations ar: being supplied with weapons
by the Soviets and others. Suicide u.issions are common and

cannot be discounted when considering this threat. Some standard
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~ weapons used extensively in destroy and disrupt missions by
:: clandestine forces are mortars, rocket-type weapons such as the
: bazooka, and explosive/demolition charges.6

;

‘E 2.2.1.2 Direct Attack

::"

: The following discussion is broken into three subheadings:
?4 air-launched, surface launched and land launched attacks. The
ﬁr’ information is taken from Department of the Navy Report - Airbase
o Survivability (ABS) Master Plan.®

ﬁ 2.2.1.2.1 Air-launched Attacks

b

. All of the major powers and many of the Third World nations
} have an air force. As international crises develop in which the
o’ U.S. 1is taking an active role, it is feasible that an airstrike
‘E can be launched against one or more of our forward airbases.
i Attacks can be made from low, medium, or high altitude, and from
i short, medium, or long range. Targets for air attack are the
- same as for clandestine attacks, but targeting for air attack
:: will require different intelligence. Targets will be based on
::j target discrimination. If a target 1is difficult to locate or
- distinguish from the air, it is very difficult to hit. Many
f\ guided weapon sensors require certain forms of target data in
i% order to be effective. The destructiveness of current and
:E projected air-launched weapons combined with the speed of modern
'_ aircraft make this form of attack highly probable. Suicide air
;3 strikes are certainly a possibility and must be considered as a
‘: part of the threat. Weapons that can be used range from
E; conventional bombs, rockets, and guns to the more exotic
] specialized gquided weapons that can take out specific facilities
5 with pinpoint accuracy.

5

f, The damage that occurs, will vary in degree depending upon
- the strength of the opposing force. The types of damage that
" 2-6
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would be seen are:

cratering of the deck, pile fracture and

failure, overloading of structural members, and foundation
deterioration.

2.2.1.2.2 Surface-launched Attacks

Although surface-launched naval attacks are a lower
probability, there is still a potential threat from this type of
attack. Cruise missiles can be launched from relatively small
and speedy craft as well as from gunboats, frigates, destroyers,
cruisers, or battle cruisers. In addition to the cruise
missiles, there are conventional gun systems with special
projectile provisions such as armor piercing, penetration, and

persistent agents that can be used against targets.

The damage that occurs, will vary in degree depending upon
the strength of the opposing force. The types of damage that
would be seen are: cratering of the deck, pile fracture and
failure, overloading of structural members, and foundation

deterioration.
2.2.1.2.3 Land Based Attacks

U.S. Forces experienced a primitive form of 1land based
attack during the conflict in Vietnam. The bases were attacked
with unguided rockets launched from very simple launchers.
Although they were more harassment than destructive, they did do
some significant damage. Even in this relatively unsophisticated
environment, U.S. forces were required to revise their normal
operating routines, and to take special actions to provide for
improved protective sheltering for rersonnel, craft, and
facilities. Weapons that are available today are much more

accurate and destructive.

The damage that occurs, will vary in degree depending upon
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the strength of the opposing force. The types of damage that

would be seen are: cratering of the deck, pile fracture and
" failure, overloading of structural members, and foundation
- deterioration.

2.3.1 NON-MILITARY DAMAGE

| This category incorporates damage that is brought about by

4 non-military methods. This includes natural occurring incidents

E- such as earthquakes, hurricanes, natural deterioration as well as

other damage such as incidents brought about by human error. The

- physical properties of each will be analyzed and the effect it
implements upon the structure.

3,

Ca

o

¢ 2.3.1.1 Earthquakes

Any of the many effects of an earthquake, such as direct

P b

seismic vibration, ground 1lurching, subaerial and submarine
{ landslides, fires, sea waves, or land level changes can cause
» extensive damage to waterfront facilities.l Following a seismic
’E occurrence the generation of a tsunami is very strong. This alsc
£ can cause severe damage and/or resulting fire to storage

facilities. Induced geological movement may cause the structure
P, to be unreliable for operation. Cranes may be damaged resulting
N in a reduced 1loading/unloading capacity. An example of the
:: destructive force 1is shown by the results of the Alaskan
; earthquake of 1964 which had a magnitude of 8.35 on the Richter
X Scale. Many waterfront facilities were rendered practically
: inoperative, such as Seward and Whittier, or destroyed.
0. .

2.3.1.2 Storms
.
f; Storms that can generate winds of 64 knots and above are
t: known as hurricanes in the Atlantic, typhoons in the Pacific, and
i monsoons in the Indian Ocean. These have caused more damage 1in
; 2-8
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the United States over the years than any other type of natural
disaster. Winds, heavy rains, and high tides which comprise the
storm can cause major damage and loss of 1life. In 1900, for

example, hurricane winds of some 60 m/sec (120 knots) struck the
gulf area in the vicinity of Galveston, Texas, raising the normal
expected tidal range of 60 cm (1.96 ft) by an additional 4.6 m
(15.1 ft) or more; on top of that were 7 m (23 ft) wind waves by
the storm of which considerable damage resulted.?

This type of generated force can cause severe damage to an
operational waterfront facility. Possible inflicted damage could
be as follows: moorings may be torn causing vessels to move
freely against other vessels and fixed facilities. Cargo
handling facilities and equipment as well as utilities may be
damaged or destroyed. Hyper-transport of sediment may be caused
by the storm thereby 1leaving the facility accessible only by
ship. Careful planning and advance notice reduce storm related
damage.

2.3.1.3 Natural Deterioration Of Structure

Damage in its various forms affects structural capacity by
(1) reducing or altering the net section geometry, (2) reducing
the material strength and (3) excessively deforming the member so
that the applied load pattern is changed.

2.3.1.3.1 Deterioration Of Steel Structure
There are six major types and causes of steel structure
deterioration in the marine environment: (1) corrosion, (2)

abrasion, (3) 1loosening of structural cor.nections, (4) fatiqgue,

(5) overloading, and (6) loss of foundaticn material.3
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?; 2.3.1.3.1.1 Corrosion

;
iu‘ Corrosion 1is the deterioration of a solid body through
T interaction with its environment, that is, destruction through
;;% unintentional chemical or electrochemical reaction beginnings at
ti its surface.4 Both metals and nonmetals are covered by this
v definition, Usually, the term "corrosion" describes the
Lé: deterioration of paint and rubber by sunlight or chemicals as
:ﬁ well as the destruction of metals.
e
N There are several scenarios in which steel will corrode.
;i These include physical contact with dissimilar metals (galvanic
Eﬁ corrosion), stray currents from electrical machinery, small
:% variation in the electric potential of the surrounding
_QD environment, and bacterial environment. The varying corrosion
- rates to be expected at differing levels of coastline have been
i{ generalized in Figure 2-2.% Two examples given are illustrations
o 3-2 & 3-3 of the corrosion of a steel H-pile and of steel sheet

o~

piles, respectively.3
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Bacterial corrosion or anaerobic corrosion, caused by sulfate-
reducing bacterial is usually found in areas subject to lack of
oxygen, such as inside steel pipe piles that are not filled with
concrete.3 This type of corrosion is more likely to be found in
polluted harbors and is generally restricted to steel mnembers
that are buried below the mnmudline. Figure 2-5 1illustrates
bacterial corrosion (Ref. 3).
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Figure 2-5 - Anaerobic corrosion of steel pipe piles (Ref.3).

2.3.1.3.1.2 Erosion

If the flow of 1liquid over a metal surface becomes
turbulent, the random liquid motion impinges on the surface which
removes a semiprotective film of 1liquid molecules at the
surface/liquid interface. Due to the turbulence, additional
oxidation occurs, combined with the film removal, accelerates the
rate of corrosion. Usually, the final product of this occurrence
is a pitted surface, which weakens the strength properties of the

metal.
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The presence of solid particles or gaseous bubbles in the

liquid can accentuate the attack. Also, if the fluid dynamics
are such that impingement or cavitation attack is developed, even
more corrosion can occur.4 Erosion or erosion-corrosion details
that mechanism of accelerated attack associated with abrasion
with suspended particles such as sand. Abrasion of steel
structures is a problem because it removes both protective
coatings and protective layers of corrosion products, thus
accelerating corrosion. This type of corrosion is recognized by
the physical properties of a worn, smooth, polished appearance of

the surface.
2.3.1.3.1.3 Structural Connections

Structural fasteners have been known to loosen during the
life of the structure. This 1is wusually brought about by
irregular loading, such as a vessel docking against a pier or
wharf fendering system. The cyclic action created by waves and
machinery are methods in which the fastener may be loosened.
Besides structural disassembly, fretting corrosion may be

imparted upon mated surfaces.

The rapid localized corrosion that occurs on closely fitting
surfaces in contact under a load and subject to small amplitude
(i.e., chafing or vibrating motion) is termed fretting
corrosion.4 Fretting corrosion takes the form of local surface
discoloration and deep pits. This can result in distortion and

stress concentrations in framing members.
2.3.1.3.1.4 Fatigue PFailure

When a load is repeatedly applied and removed, with the
number of repetitions running into tnhe many thousands or up into
the millions, metal may develop cracks t'.at eventually may spread

to the point where they cause fatigue failure of the member.”
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Fatigue cracks are usually hairline fractures perpendicular to
the line of stress in the member.

occur more often when the repeated 1load

failure 1is more 1likely to occur in of

Such concentrations may be due

areas
concentrations.
welds, small holes,
fabrication of
Tubular connections of offshore

to

processes shearing, punching,

oxygen cutting.

particularly susceptible fatigue failure.

illustrates fatigue cracks on tubular steel members (Ref.

Figure 2-6 - Fatigue cracks on tubular steel

2.3.1.3.1.5 Overloading

Berthing vessels as well as any other type
of the

structural deformation occurs due to corrosion or

cause damage to sensitive elements struct

This type of damage 1is

i
s

or a warped surface as shown in Figure 7 (Ref.

illustrates a compression overload (Ret. 3).
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2.3.1.3.1.6 Foundation Deterioration

[

r,'

g Fixed waterfront as well as offshore structures are subject
'Y to scour. Scour 1is the removal of underwater material by waves
Y

o and currents, especlaily at the base or toce of the structure.
This can lead to accelerated corrcsion of the expcsed piles as
.\. I3 . .

\ well as decrease the lcad carrying capacity of the pile. ir
::-‘ scouring is left unchecked, eventually the structure will ta:!l.
'_-':: Figure 2-9 illustrates scouring (Ref. 3).
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el Figure 2-9 - Foundation loss (Ref. 3).

o

b 2.3.1.3.2 Deterioration Of Concrete Structures

K-> The choice of load bearing pile material in seawater has
owe!

o been reinforced or prestressed concrete. It provides high
::::; capacity, rigidity, dimensional flexibility, long life and low
> cost. With the proper concrete mixture, a life of 50 years is
= commonly attainable.
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:5 Eventually, concrete 1is attacked at the waterline. The
k: leaching action of endless cycles of wetting and drying breaks
'.3 down the chemical bonds that hold the materials together.
x Saltwater and pollution aid the process of deterioration.
.
™
Oy
o Much of the concrete deterioration which is experienced is
’: caused by corrosion of the steel reinforcing bar. The concrete
\
o cracks due to the expanding corrosion product (six times the
ﬁ} volume of the metal from which it is formed ), creating a higher
N
~ corroding potential since the rebar 1is exposed to the
-’.
> atmosphere.4 Cracks appear on the surface parallel to the
p direction of the rebar. Complete deterioration of the local area
:E soon follows.
e
5“ The following section will briefly discuss several methods
of concrete deterioration.
i 2.3.1.3.2.1 Freezing - Thawing Cycles
e This is the freezing of absorbed moisture or water in porous
]
jﬁ‘ concrete exposed to subfreezing temperatures.3 Due to expansion
)
-5 - contraction <cycles, the concrete begins to <crack and
%57 disintegrate. Figure 2-10 illustrates a deteriorated concrete
’ pile due to freeze/thaw cycling (Ref. 3).
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Figure 2-10 - Weathering of concrete pile (Ref.3).
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3
N 2.3.1.3.2.2 Abrasion
N
- As with steel, solid particles or gaseous bubbles suspended
in the flow of liquid accentuate the attack upon the concrete
pile. As the concrete is worn away by erosion, the rebar is
exposed creating a greater area for corrosion and structural
failure. Figure 2-11 illustrates the effect of erosion upon a
X concrete pile (Ref. 3).
h CO~_C'=£-'5 car - {
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Figure 2-11 - Abrasion of concrete pile (Ref.3).
D'
'
” 2.3.1.3.2.3 Chemicals
o
o
&
q Inorganic bonds of the cement binder broken by environmental
] agents will create corrosion of the concrete. Sulfates, ammonium
: salts, strong alkalies, weak acids, organic esters, carbon
/
M dioxide, magnesium salts, and many other agents can destroy the

binder over a period of time.4
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2.3.1.3.2.4 oOverloading
¥
QJ .’ (3 . .
o If the load is greater than the design load bearing pile,
possible failure could occur. Pile driving can also impact an
i axial 1loading. This, as well as operational overloading, can
}I 13 I3 3 .
L impart stress factors along the pile. Figure 2-12 illustrates
‘
~'- stress fractures formed on an overloaded concrete pile (Ref. 3).
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o Figure 2-12 - Overloading of concrete pile (Ref.3).
o
-
.". . 'y . .
.;_;. 2.3.1.3.3 Deterioration Of Timber Piles
oo |
The deterioration of timber pilings can be attributed to
?g' several causes, but the most common is attack by marine borers
N
:: and fungli in the tidal zone. Other types of deterioration are
‘4 . 13 7 .
Ny caused by termites, splitting due to we’ /dry cycles, overloading
D and abrasion.
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2.3.1.3.3.1 Marine Borers

There are two main groups of marine borers: crustaceans and

) mollusks. The limnoria, also known as woodgubbles, are the
'l
" primary crustacean borer, while the terridines and pholads, also
. known as shipworms, are two groups of the mollusk borers.
‘ Figures 2-13, 2-14 and 2-15 illustrate the physical properties of
o the borers as well as the damage that can be inflicted (Ref. 11).
(s
‘-
‘4
‘4
4
; o
[
&
o
ot Popular and Damage Characteristics
genenc names Appesrance
¢ Gnbbles 1/8 to 1/4 inch (3 to 6 PieCao
P Limooria mm) long; no tubercien. - £
. lignorum % i g
- (Rathke) '
~ e MHW @
:: ——at Secdon A-A
( | f Wood Destroyed
- Limooria 1/8 to 1/4 inch (3 t0 6 "
¥ _\_ quadripunctata mm) long; 4 tubercles, ; - MLW
[~ Holthuis £ —h "~
e
% l—'L _Mudline Secton B-8
Limnoria 1/8 to 1/4 inch (3 w0 6
" tripunctata mm) long; 3 tubercles.
": Menzies
; %%
"
i
¢
)]
L]
v
Figure 2-13 - Limnoria and Timber Damage

Characteristics (Ref. 11).
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i1 Popular and Damage Charecteristics
» genenc names Appecarance 1
. -‘c. —— e —
- .
"o Shipworms Adults can grow 1 1o 2 Pile Cao )
OO Teredo feet (30,5 £0 70 cm)
X :: navalis long; W-inch (12 mm)
N Linoe’ diameter.
shells
. 8
: :- j‘ 7 athead
-
s
. A
, Teredo pallet
- Bankis (spadelike)
-, setaccs
: _':- Tryon wormlike body
K.
< siphons
- Bankis
.
. pallet
J': (featherlike)
~ »
M Adults can grow $ to 6
’ fect (1,5 t0 1.8 m)
" loag: 7/8 iach (22 mm)
) diameter,
-ON. [] 3 k3
o Figure 2-14 - Teredo and bankia and timber damage
. characteristics (Ref. 11). -
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' (a) Pholads (Martesia (b) Damage Charactenistics
'.‘\‘ striata Linne)
‘
‘. . - » . I3
o Figure 2-15 - Pholads and timb.r damage characteristics
B
9 (Ref. 11).
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Marine borers prefer an environment which contains a high
level of dissolved oxygen and warm water temperatures. The
following Table 2-1 gives a geographic distribution.

2.3.1.3.3.2 PFungi And Rot Damage

Rot destroyed wood is evidence that some type of fungi 1is
present. Fungi are lower forms of plant life which rely on the
organic cell structure of the timber for food. In the early
stages, fungi attack is evident by discoloration and softening of
the wood accompanied by a fluffy or cottony appearance.ll As the
attack progresses, fungal colonies appear on the rotting timber.
Environmental factors which influence the growth of fungli 1in a
saltwater environment are a moisture content of over 20 % and

temperature range of 50 to 90 degrees fahrenheit.

2.3.1.3.3.3 Insects

The most wood destructive insect (s the termite which
attacks above waterline. This insect feeds on cellular matter
contained in timber. Termites destroy the timber by digesting
all wood particles on the interior to Jjust 1inside the
interior/exterior boundary of the pile. This is due to *%heir
dislike of 1light. Timber usually subject to attack are placed

in, on or a few inches from the soil.
2.3.1.4 Damage Of Fendering System

Fendering systems are designed to absorb energy being
transferred from the docking vessel to the stationary piler.
Therefore, to properly design a fendering system, energy loads of
ships being used for cargo handling must be analyzed. This is to
assure that large energy loads are not transferred to the
waterfront structure. TIf a dockiny vessel transfers a large

energy load of which the fendering system cannot totally absorb,
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then structural damage will occur.

2.3.1.5 Accidental Disasters

Major accidents which occur at waterfront facilities vary
upon the nature, magnitude, and location or the incident.
Previous incidents have been limited to large explosions due to
the transportation of volatile material. The area of destruction
that surrcunds the point of explosion 1is almost invariably
enlarged by uncontrollable fires ignited as a consequence of the
explosion.l Induced damage is pier deformation, destruction of
cargo and cargo handling equipment (e.g., cranes, forklift
trucks, etc...) and ships may be torn from moorings in which more

damage could occur from collision with the facility or other
vessel.

Table 2-1 - Geographic location of borers.

Species Atlantic Coast Gulf Coast Pacific Coast Pacific Area
Limnoria tripunctata Massachusetts to | Florida to San Fraacisco to Hawaii, and other islaands
(this species attacks the Caribbean; Texas Mazatlan (specimens | in the ceantral aad south
creosote treated wood) Canal Zone collected here but Pacific

southward limit not
defined)
Limnoria quadripunctata | Bermuda None reported [ California Philippines
on Gulf coast
of the

United States

Limnoria lignsrum Maine to Florida | Florida, Texas | Alaska to Canal Philippines, Japan
Zoae

Teredo Entire Eatire Entire Eatire
(various species)
Backia Massachusetts to | Florida to Adak to Canal Zooe | Hawaii, and other islands
(various species) the Caribbean; Texas in the ceatral, south,

Canal Zoaoe . snd western Pacific
Martesia striata North Carolina Florida, Texas | Noae rep.rted on Hawaii, Guam,

—_ to Florida; wves. coast of the Philippines, Japan
Canal Zone United States
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Waterfront facilities that experience massive explosions

without forewarning, usually disables the port completely until
restoration construction is accomplished. This differs from
simple pile failure in which the facility is still operable
except at a 1lower degree. Debris removal is a major task,

together with the extinquishing of fire and repair/replacement of
facilities and equipment.l

The loss of ships, waterfront facilities, and equipment can
total millions of dollars. This not only creates a tremendous
economic impact, but also a logistics impact upon maritime
operations as well. The degree of organization of rehabilitation
effort and the availability of manpower, material, and financial

resources are essential factors in restoration.!

2.3.1.6 Other Damage

There are several types ¢of damage which occur to timber that
also occurs to steel and concrete piles. These damages consist

of: abrasion, overloading and connection corrosion.

As stated in previous text, abrasion 1is caused by the
suspension of sand/silt particles in a moving current. If marine
borers are present, then the process of abrasion damage is
accelerated. Abrasion damage is illustrated in Figure 2-17.3 To
detect the difference between abrasion damage and woodgubbles,
the pile will be worn to one side (direction of current). Also,
abrasion usually leaves the surface fibers of timber piles rough
and protruding from the surface of the sound timber.3

Damage occurs if the pile fibers are overloaded in the axial
direction or a flexural moment is induced (Figure 2-18).11  This

damage can be caused by heavy cargo storage or ship impact from
docking.
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The weak 1link in marine timber construction is the
connecting hardware, since the steel hardware is subject to
corrosion.l The proper fasteners must be used or failure will
cause the pile to displace. Figure 2-19 illustrates hardware
failure.l1
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N 2.4 DAMAGE ASSESSMENT
3
;- In the event that damage by military or natural forces
‘\. occurs to an advanced waterfront facility, a rapid repair and
iz recovery capability is needed. The capability to load and unload
:; vessels rapidly is a critical requirement. 1If this capability is
F\ decreased or prevented in either time or quantity, it is a severe
& handicap. In an advanced waterfront, the ability to rapidly
Z§ assess and repair damage is essential.
y If scme type of damaging force, such as military or natural
~F cause, afflicts the facility not only will the structure obtain
i damage, but repair equipment may be damaged or destroyed and key
jj personnel injured. Rapid damage assessment 1is required to
2 determine the extent and nature of the damage. To restore total
0 operational capacity, damage repair must be expeditiously
2 executed.

The proposed concept for post damage planning and execution
. is to develop a damage control process. This process will
fl provide for the rapid assessment, prioritization, scheduling, and
f- execution of expedient and semipermanent repairs. Figure 2-20
> illustrates the decision process for waterfront damage repair.
% 2.4.1 Field Inspection
; The purpose of any inspection is to provide the information
if necessary to assess the condition (capacity, safety, and rate of
ii deterioration) of a structure.ll Therefore, a structural
;;: inspection above or below the waterline should be considered a
’: condition survey. All data obtained by the inspector should be
ﬂ supplied to an engineer to make the engineering assessnent.
.5 Three basic types of inspection have been developed in the
; North Sea for offshore structures. They are dependent upon
b4’
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f;, equipment availability, type of damage, and preparation needed.
N

;j The following is from Reference 11:

¢

Q Level I - General Visual Inspection:

N
2
D"

'ﬁ This type of inspection does not involve cleaning of
1w

‘f any structural elements and can therefore be conducted
U
b more rapidly than the other types of inspection. The
‘ﬂ purpose of the Level I inspection is to confirm as-
fﬁ built structural plans, provide initial input for an
. inspection strategy, and detect obvious damage due to
“ﬂ overstress, impacts, severe corrosion, or extensive
- biological attack.
® Level II - Close-Up Visual Inspection:
ro This type of inspection will generally involve prior or
1; concurrent cleaning of part of the structural elements.
{ | The purpose of the Level II inspection 1is to detect
ﬁf surface damage that may be hidden by marine growth.
.- Since the cleaning process will make this type of
"
fﬁ inspection more time consuming than the Level I
r inspection; it will generally be restricted to the
. critical areas of the structure.

&

' -\.'
o~ Level III - Nondestructive Testing:
®
>
o This type of inspection will be conducted to detect

C4 . .

3 hidden or beginning damage. The +training, cleaning,
{j and testing requirements will vary depending on the
t type of defect/damage that is anticipated and the type
o of inspection equipment us-2d. In general, however, the
‘* equipment and test proc:dures will be more
" sophisticated and require considerably more experience
! 2-31
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and training than

inspection.

The following Table 2-2
detectable damage versus level of inspection.3

Table 2-2 - Detectable defects versus inspection level

either the

is a

Level 1 or

culmination of

Level

types

(Ref.

Detectable Defects

and beginning
damage

of waterial

Beginning
corrosion of rebar

Internal voids

Change in
material strength

Level Purpose
Steel Concrete Wood
I General visual Excessive Severs machanical Severe daaage
to counfirm corrosion or {ice (freeze/ due to marine
as-builc condition thaw) damage borers
and detect severes Sevars
damage mechanical Machanical over-
damsge load resulting in
broken piles
Severe abrasion
11 Detect surface Moderate Surface cracking External damage
defects normally mechanical | due to mechanical | due to marine
obscured by marine | damage overload borers
growth
Corrosion Deterioration of Splintering due
pitting concrete due to to mechanical
sulphate action, overload
noderate freeze/
thav damsge, atc.
Severe corrosion
of rebar
Spalling of
concrete surface
III | Detect hidden Thickness Location of rebar Internsl damage

due to marine
borers (internal
voids)

Decresse in
material strength
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Y Table 2-3 is an estimation of minimum inspection time

;ﬁ required to conduct Level I and II inspections upon structural

T elements.

.-I

-

,:j Table 2-3 - Production rate for inspection

A:ﬁ of structural elements (Ref. 3).

v )

'.:
yos
C{::

s
"
o~ Inspection Time Per

‘,:‘ Structural Element
iy Structural Element
f: Level I Level II
T (min) (min)

L] 12-1n. steel H-pile

X . P 5 30

N

1?j- 12-in.-wvide strip of steel sheet pile k| 15
o
Ti 12-in. square concrete pile 4 25

{ 12-in.-vide strip of concrete sheet plle 3 15
o
.

Lo
- - -

:\ 12-in.~diam timber pile 4 20
7
< 12-in.-wide strip of timber sheet pile 3 15 |

J

o
v'?-

=
~
®
o 4

o
I\’.l
ﬁ:

RS Waterfront facilities which are constructed of either wood, ;
). concrete, steel or a combination of these materials, have a large
‘I

$5 percentage of the structural elements below the surface ot the

N R . . . .
- water. Therefore, inspection techniques must be compatible with

T

{b water environment. Table 2-4 gives a listing of nondestructive
b testing techniques that are used. 1l
o’
£ )
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Table 2-4 - Nondestructive Testing Techniques (Ref. 11)

General Techniques

Ultrasonic
Radiography
Vibration Analysis
Acoustic Emission

Steel Structures

Magnetic Particle
Eddy Current
Electrical Potential

‘Concrete Structures

Surface Hardness

Rebound Hammer
Penetration Techniques
Pullout Techniques
Magnetic Rebar Detection
Coring

Timber Structures

Increment Bores
Passive Sonic

Numerous techniques have been developed for nondestructive
testing of materials either in laboratories or factories, however {
only five have found application in underwater inspection to
date. These methods are (Reference 12):

(1) Ultrasonic Testing (UT): This method uses the
measurement of the transit time of high frequency sound
waves to detect metal thickness and internal defects.
Two measurement techniques are commonly used, (a)
pulse/echo measurements in which a single transducer
may be wused to both send and receive signals
transmitted into the test material and (b) transmission
measurements where separate transducers located on
opposite sides of the structure are used to send and

receive the ultrasonic signal. The pulse/echo system

2-35
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‘:3 is most commonly employed in testing of metal
f:j structures while transmission techniques are applied to
i wood and concrete structures. Ultrasonic testing 1is
:;, best suited for the detection of internal planar
;i: defects and metal thickness. It can also be used to
,:E detect volumetric defects but considerable skill,
v training, and experience are required for the
%: ultrasonic technician to obtain repeatable results. !

k-

::5 (2) Magnetic Particle Inspection (MPI): The phenomenon of
; magnetic flux leakage is utilized in this technique to
ﬁ detect the presence of surface discontinuities (cracks)
3 in metallic structures. A phosphorescent ink
;ﬁ containing ferrous particles is applied to the surface
.g of a structure in which an electromagnetic field has
ﬁ been induced. Cracks and surface discontinuities
?E become visible when the area 1is 1illuminated by an
o ultraviolet light.

{

% (3) Radiogravhy: The ability of various materials to absorb
ﬁ and scatter radiation is utilized in this method to

;: produce a photographic image in which the variation in
g density of the developed film provides an indicaticn of
;3 the thickness of the material being 1inspected. Since
é: the source of radiation and the photosensitive f1iln
.;‘ must be located on opposite sides of the object to be
o inspected, this technique is applicable only where both
EE; sides of the structure are accessible. Radiography 1is
::'. most often employed to detect volumetric defects 1In
:E& materials. Some success has been achieved 1in the
% detection of planar defects, however, the orilientation
2 of the major axis of this type of detect must be known
‘2 as lined up with the path of the radiation in order tc¢
,: obtain acceptable results.

2
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(4) Eddy Current Testing (ECT): This method utilized
y information on the electrical conductivity, magnetic
h permeability and dielectric properties of metallic
materials to detect cracks and measure wall thickness.
A few experimental, underwater eddy current testing
; techniques have been demonstrated in the laboratory but

LhNGS

to date it has not been used extensively to test

structures in the ocean.?2

(5) Underwater Electrical Potential (UEP): This technique

utilizes information about the difference in electrical

- potential between a metallic object and a

silver/silver-chloride reference to determine the

; effectiveness of cathodic protection systems or

3; identify the presence of 1local galvanic corrosion
cells.

Of these five techniques, ultrasonics and radiography are
i not restricted by the type of material being tested while the
. other three may be used for testing metallic structures only.
. MPI is further restricted to detection of surface cracks of
ferrous materials. These techniques may also be divided
according to the type of defect detection for which they are
primarily used. Radiography and ultrasonics are most commonly
used to detect internal defects and material thickness. Magnetic
particle and eddy current techniques find their primary
‘ application in the detection of surface cracks, and electrical
potential measurement is used only to determine the effectiveness
of cathodic protection systems.

q Table A-1 indicates the potential applicability of these NDT
techniques for inspection of typical waterfront structures,

b materials and possible types of defects.
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Although visual inspection 1is not normally classified as a

:i; non-destructive testing technique, it <can yield valuable
! information about the condition of a structure without adversely
D affecting its integrity. Due to the diverse nature and methods
" used to conduct visual inspections, this technique will not be
discussed in detail in this report. It should, however, be given
prime consideration when assessing the suitability of various
techniques for conducting underwater inspections. An important
- requirement for most of these techniques is that the surface of
j the structure be cleaned of marine growth, loose scale, rust, and
coatings such as paint or concrete. Without direct contact of

b the test equipment on the surface to be tested, little chance
‘Z; exists of obtaining valid (repeatable) results. Surface cleaning
iﬁ is an important facet of visual inspections as well and often
o becomes the critical path as far as time and cost of the

N inspection are concerned.

State-of-the-Art of Underwater Nondestructive Testing

:x. To determine the state-of-the~-art in underwater
%E nondestructive testing, contacts have been made with diving
ﬁ? contractors and equipment manufacturers in both the United States

and Europe who are involved in underwater inspection. Visual
_;f inspection, with television and still camera documentation, is by
?&; far the most commonly used technique in the United States, while

0,0,
o

el

in Europe NDT techniques have been used more extensively due to

Pl e
.

regulations governing the certification of offshore structures in

v-_'(';.
o the North Sea areas. The U.S. companies which offer underwater
2.

, . . . .
NG NDT services tend to use ultrasonics and radiography, whiie in
..

L% the North Sea area magnetic particle and ultrasonic inspections
%; are the most common. There does not appear to be any signitficant
G

ﬁﬁ difference 1n the level of development of equipment currently
."‘\‘ X ) )
v used 1n Europe or the U.S., however, the use of NDT equipment is
o

e . . 5 .

T much more widespread 1n Europe. These government regqulat:ions
!‘ have also lead to a much greater emphasis on .developling
Pl
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standardized techniques for conducting inspections and has
spurred considerably more research in the field of underwater NDT
in Europe than in North America.

Jltrasonics

The use of ultrasonics to inspect steel structures is
usually divided into two categories: thickness measurements and
flaw detection. By far, the most common application of
underwater ultrasonics inspection encountered was for thickness
measurement of pipelines and risers.

The newest type of inspection is the use of Remotely

Operated Vehicles (ROVs). These vehicles are unmanned and carry
singly or in combination: cameras, propulsion systems, lights
and manipulators. They are linked either to the surface or to a

manned submersible by tether and wiring that carries the video
and operational signals to and from the ROV.

One of the newly developed systems is labeled Jason
Jr.(J.J.). This is a small vehicle with a full axis propulsion
system that enables it to swim free, controlled by an operator
either on the surface or in a submersible. This prototype
carries a live television imaging system and lights on board,
thereby coupling its ability to maneuver in tight spaces with its
ability to project 1live images. Figure 2-21 illustrates the
design of Jason Jr. by the Deep Submergence Laboratory in Woods
Hole Oceanographic Institution.? The concept of a ROV for
inspection purposes could be very useful. A ROV of this type is
too sophisticated and costly for underwater inspection of
waterfront facilities. A simplified version would be more

useful.
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o Figure 2-21 - ROV Jason Jr. (Ref. 7).
s
:;ﬂ 2.4.2 Inspection Documentation
4 -I‘.:-
£ o | . -
J.‘ The objective of the inspector is to document the findings
Ifﬂ in a clear and concise manner for later analysis. In the process
BN
,;&; of documentation, the use of a standard format of reporting will
E;k} greatly reduce the time to assess the information, especially if
"zf there are several investigators. Figure 2-22 1illustrates a
-4
\tjf standard form for reporting pile condition.3 The inspection
¢ \':‘:
k.0 2-40
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;: record contains a section for pile condition ratings. Figure 2-
Ei 23 and Figure 2-24 describe pile condition ratings for concrete
v piles and wood piles, respectively.3 Steel pile inspection
i results are usually recorded in terms of remaining metal
g thickness.
E“ The following is an excerpt from Reference 12 that details
fbj use of photography for documentation. This should be done both
:S above and below the waterline.
;» Whenever appropriate, visual inspection should be
3\ documented with still photography and closed-

jz circuit television. Still photography provides
gﬁ the necessary high definition required for
%; detailed analysis, while video, though having a

. less sharp image, provides a continuous view of

ﬂ events that can be monitored by surface engineers

E and recorded for 1later study. All photographs
k' should be numbered and 1labeled with a brief

o description of the subject. A slate or other

:2 designation indicating the subject should appear

Eﬁ in the photograph. When color photography is

B

used, a color chart should be attached to the

o, slate to indicate color distortions. Video tapes

NE should be provided with a title and 1lead-in
iig describing what is on the tape. The description

; should include the method of inspection used, the
e nature and size of the structure being inspected,
,s and any other pertinent information.

>

.; A debriefing with the activity personnel, with
'fﬁ slides or photographs, should be conducted before

?ﬁ leaving the site, and ail questions should be
?ﬁ resolved.

.
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CONCRETE PILE
CONDITION RATING EXPLENATION

hH SOTOINSPECTED, INACCESSIBLE OR PASSED &Y
NG N0 DEFECTS:
- fine cracks
- goed original surface, hard material, sound

< PILE CAP s M

=z

MINOR DEFECTS:
- good original section
- minor cracks or pits
- surface spalling that exposes course aggregate
Q - small chips or popouts due to impact
- slight rust stains
- no exposed re-bar
\ - hard material, sound

R MD MODERATE DEFECTS:
{ . Y - spalling of concrete
1 - minor corrosion of exposed re-bar
- rust stains along re-bar with
or without visible cracking
G:::> - softening of concrete due to chemical attack
- surface disintegration to one inch due to
weathering or abrasion
© - reinforcing steel ties exposed
~—~—

- popouts or impact damage

T MJ MAJOR DEFECTS:
- loss of concrete (10-15%)

- one or two re-bars badly corroded

- one or two ties badly corroded

- large spalls six inches or more in width
or length

- deep wide cracks along re-bar

- dummy areas full width of face

b ‘ I~

SV SEVERE DEFECTS:
- two or three re-bars completely corroded
- no remaining structural Strength
- significant deformation

Figure 2-23 - Explanation of Pi.e Condition Ratings for
Concrete Piles (Ref. 3).

BT X i K0 e F AN
[\
]
-3
(9%

2,

. P At X
T {.\ML'\A. A_'(;_f;.‘(‘f‘{:h.\-t:-n} \vﬂ u’" ‘\'J'\c:\rq




)
TIMBER PILE

::, CONDITICN RATING EXPLANATICN

L
:}; NI NOT INSPECTED, INACCESSIBLE OR PASSED BY
o NO  NO DEFECTS:

o CREOSOTED - less than 5% lost material
% OQUTER SHELL - sound surface material

4?; - no evidence of borer damage
v
‘;j MN MINOR DEFECTS:
e < - 5% to 15% lost material

¢ Umgzﬁﬁggo - sound surface material

- ‘ X - no evidence of borer damage
o - minor abrasion damage

>
N
o
F) .

5 MD MODERATE DEFECTS:

o - 15% to 45% lost material
i - significant loss of outer shell material
® - evidence of borer damage
= - significant abrasion damage

‘e s
]

s

AN MJ MAJOR DEFECTS:

W - 45% to 75% lost material

- - significant 10ss of outer shell and
. interior material

vj) - evidence of severe borer damage

S - severe abrasion damage

-,

SV SEVERE DEFECTS:
- more than 75% lost material
- no remaining structural strength
- severe borer damage

-

ML 1’."‘;"‘ o JAARANAS

- o

O )

AL AT

Figure 2-24 - Explanation of Pile Condition Ratings for
Timber Piles (Ref. 3).
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:j 2.4.3 Support Information for Inspection

ft To investigate the problem to the fullest, all information

- - pertaining to the facility should be obtained:

-

;f o Drawings of the facility showing the original

(f construction and any alterations.

ni

s

'3 o Details of the facility (type of fleet moorings,

:; materials used in the structure, use of the structure,

s ) etc... ) .

:; 0 Operation and maintenance records.

‘:‘.

: © Up to date charts and maps of the area.

'\‘_

;3‘ o Local tides, currents, water quality, winds, temperature,

Y

’;. visibility and daylight hours.

N The inspection should be performed in a manner with which

i; the entire structure will be analyzed. This imparts inspecting a

iﬂ sufficient number of areas to provide representative information
' on the overall structure. From interpretation of the

architectural/structural drawings, a trained

investigator/engineer can determine areas subject to fatigue,

AEORRD )

stress, and impact forces. The overall information that is

-
»

; obtained is used to make a structural performance evaluation by

fg the engineer(s).

'ﬂ
» 2.4.4 Evaluation Methods
N

o
NS Evaluation methods are concerned with the structural
" analysis used to interpret findings from the field inspection.
LN .

Gﬂ The criteria for such an analysis would ve lengthy and beyond the
: scope of this report. Also, such an analysis would be dependent
4 -
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upon several parameters: type of structure, extent and type of

damage, material used, and environment location.

The analysis therefore accounts for the load forces tor
which the damaged structure 1is in contact. These loads are

classified into two headings: dead and live loads.

Dead loads 1include the weight of the structure, and any
permanent material placed on the structure. Live loads consist
of all things that are not dead 1loads. They may be steady or
unsteady, moveable or moving; applied slowly, suddenly,vertically
or laterally:; and their magnitude may fluctuate with time. in
general, live loads include:

© Occupancy loads caused by weight of cargo.

© The weight of snow if accumulation is probable.

© Forces resulting from wind action and temperature
changes.

© The pressure of liquids or earth on retaining structures.

o Dynamic forces resulting from moving loads(impact) or
from earthquakes.

o Forces resulting from blast loading.

These factors included with the transmitted loads from the
damaged to the undamaged portion of the facility must be
evaluated. From the analysis of the information gathered through
field inspection, original drawings and specs, and the structural
evaluation, the engineering assessment can be accomplished by the

engineer,




o~ 2.4.5 Extent of Capacity

r Undamaged portions of a pier may experience capacity
reduction due to a loss of support caused by adjacent damage.
Damage can be considered to be a crater from a direct hit or a
loss ©of a pile from naturally occurring damage. Take for
N instance, a one-way concrete slab design for a pier. One-way
> slab may be structurally classified as a slab which is supported
.« on two opposite sides. The load will cause the slab to bend or
- deflect in a direction perpendicular to the support edges. The
' ’ structural action is one-way, and the loads are carried by the
slab in the deflected short direction. Figure 2-25 illustrates
. side view of a generic pier/wharf. Figure 2-26 shows the
: distribution 1loads on a one-way slab supported by pile
; caps(beams) and piles. The shaded area shows that each column
f- carries loads from slabs surrounding the column and up to the
:_ centerline of adjacent slabs: up to L/2 in the long direction
: and S/2 in the short direction. Therefore the worst case damage
scenario would be of a loss of a pile and pile cap. The adjacent
X structural area to the crater would have a capacity reduction
p; because of the loss of support from steel rebars. A conservative
5 method for estimating capacity, as recommended by Reference 9, is
S to assume that the remaining deck acts as a cantilever extending
from the remaining intact pile caps. This, however, ignores the

support that the undamaged area imposes upon the reduced capacity

O

L ]
s

- area. This method of analysis is good in the effect that a
" greater factor of safety is present because the analysis does not
2 take into account the extra support. The determination of the
'f extra support from the undamaged area is dependent upon thickness
:2 of concrete, reinforced steel design, and the geometry of the
"

® damaged area. The engineer making the assessment may want to
- check specific areas for their stability by load testing. This
; may be accomplished by using material at the waterfront such as:
~

: material for reconstruction or damaged raterial.

[ ]

5
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2.4.6 Safety

During the assessment, the structure’s satety ls determined.
This is obtained in terms which will specify the conditions that
can cause death, injury, damage or loss of equipment or
structural components. The investigator must be concerned with
analyzing the facility for hazards to personnel and equipment.
The engineer applies methods of hazard identification and
analysis, develop design «criteria, review the design for
ccmpliance, and provide safety certification of equipment.
Safety requirements and standards are applied toc all operations.
Safety <critical items and operations are identified and

controlled to reduce hazards to an acceptable level of risk.

In respect to the waterfront structure, there are four

classifications of safety conditions:

o Catastrophic

o Critical

o Marginal

o Negligible
Each classification refers to the structures potential for
collapse and 1likelihood of injury or death to personnel 1n
respect of possible occurrence percentage, Requirements for a
system safety program are defined in Military Standard MIL-STD-
882A "System Safety Program Requirements".

2.4.7 Deterioration

In the determination of the capacity of the structure, the

extent and rate of deterioration can be obtained from inspectisn

2-50
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and previous inspection reports. This information may be used to
predict wuseful 1life of the structure and to estimate
maintenance/repair actions needed for the structure to remain in
a safe condition and to continue to provide the required
capacity.?® In the overall readiness planning, this information
is used to create a strategy for resource allocation needed to

maintain a specified operational capability and level of safety.
2.4.8 Management
Wwhen all the data has been analyzed, the engineering

assessment has been completed, a management decision will be

made. This will determine the course of action to take in

respect tc the constructicnal aspect of the structu

/
\ 4 TprQ@Qia gy,

re
replace, or raze), and the operational aspect (continue normal

i

use, to derate, to convert to other uses, etc...).

' Yy ryy

(W ] BA
Y S

T -. Wt e

v ' ottt
L . . '

v

To determine the final outcome with the facility, other

information is required. This entails the priorities of

. o a4
. LA
.

operation (its use in short and long range plans, etc...) and the
effectiveness of the structure to meet these needs. Other
information is analyzed before the final decisions are made, such

as: time, manpower, equipment, materials, and weather.

In order to allow the most effective utilization of a
damaged facility in the shortest period of time, repair and
replacement of damaged areas must be given levels of importance.
Level of importance is determined by several factors:
operational needs, safety, prior operational capabilities,

manpower, materials, and tool.

To determine the number of personnel to perform a task, an

estimate of the time period to perform a unit work element is

calculated. Using Table 2-5 through 2-74 from Reference 10,

the number of man days per task can be obtained. These figures
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are statistically obtained and therefore may <change under
differing conditions. Table 2-25 lists several factors tor which
the production may be effected.l® ©possible reascns are given to

achieve low, average, and high productions.

To assist with the management decision process, the use of
knowledge based expert systems could be incorporated into the
damage assessment and repailr program. The major contribution of

a system of this type wculd be as a planning/training tool.

Expert system programs are developed to absorb previous and
present information to form a data base by which specific
informaticn may be ranked. The information or "rules" are ranked

by need, importance, and immediacy fcr decision-making.

In a waterfront damage repair scenario, the function of the
expert system 1is to provide advice in certain situations. All
the operator has to do is read the directicns and follow the
sequenced steps; the system can (1) advise the operator, (2) take
over when the situation becomes an emergency, or (3) take over it
numan intervention fails.?2® Military application may further the
use of expert systems by combining with planning/training
precgrams. This would increase military personnel reaction times
and dictate future policy with assessment and repair during

simulated exercises rather than during actual conflicts.

The needs for an expert system are ranked as follows:
(1)making gquick decisions with a less tharn adeguate amount of
information available, (2)the analysis of on going functicns, and

(3)the complex tasks that require large amounts of time to rank

and process the data.?20

)
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Table 2~5 - Wood Pile Dolphins (Ref. 10)

NOTES:
MAN-HOURS
WORK ELEMENT DESCRIPTION UNIT PER UN,T 1. Based on 50 pies
Place n Leads and Drive Each ]
Lash with Wire Rope Each RET
Ingtat Fencers Each 8
LFondov Pie Each 78

Table 2-6 - Piledriving (Ref. 10)

uan-nours| NOTES:
WORK ELEMENT DESCRIPTION UNIT PER UNIT { Man-Hour figures are
. prekmunary estimate only The
25 x°°° i':'"g E:G: Je.s many vanables of s work
‘;’O w°°d P'I:”g E.; bt requye O"-sile delerminations
5 Wood Piing tor accu’ate esimaies
25 Steel Piing Esch . 2 Factors of importance a‘e
5 Som g o | 52 | owm et o e
7% U ach 1 .
5 Stes e [ gi1l@. Cu'rents. malerialsg
40" Precast Concrete Pikng Each 132 | sorage et
60 Precast Concrete Pung Each 8 |3 Worn included 8 preparavon
80 Precast Corcrete Ping Each Pl of ple. D":"O nieacs. dmang
and ot ©
Steei Sheet Pling 1000 SF 102 4 For concrete filied. ftuteg
holiow steel piing and pipe
Assembie and Rig Leads and Hammaer Each a8 piting for spudding pontoon
smalicraft inger trers. use the
Dismantie Lesds and Hammer Each 32 Sleet beanng pre hgures

Table 2-7 - Pile Bracing and Capping (Ref. 10)

wan-wouns| NOTES:
WORK ELEMENT OESCRIPTION UNIT PER UNIT 1 Based on bolting or driftng
Dragonal Brsang Each 65 membders n place.
Honzontal Bracing Pav []
Wood Caps 1000 LF 80
Concrete Caps ) LF 32
Steet Cape 1000 LF 480

Table 2~8 - Pile Extraction (Ref 10)

’ MAN-HOURS NOTES:
WORK ELEMENT DESCRIPTION UNIT PER UNIT 1.8 0n using prie ext '
Wood Beanng Piles Each 2
Wood Sheet Puing 1000 SF 24
Sleel Sheet Pling 1000 SF 28
Pies Cut-Off Below Water Line Each 2S5 J
2-53

"-. . "‘""'I'."""." .o e, . P N T
.. n. ‘. - - ., . e e “'-l - - .Y
{L{A‘ L{‘_{A.{A_ PRSP L{LAL;LJA‘.AL_ L‘:L;A“:AEL“A_\.A_--_.;A_.AA.LALJA

e e
LRI PO A




RS

Y

-

:n .f.'..' )

Ta

Nl
[EH

.
LR

’

- . .
Y Nt e
o Rl R

<

o .l‘. -l.;"_l..f.( ..“J)-I‘.‘—.‘/ .« &

LL

Table 2-9

e Rab b et

- Miscellaneous Pier Hardware

ia® 4

MAN-HOURS
WORK ELEMENT DESCRIPTION UNIT PER UNIT
Bas Eacn 13
Bollargs Eacn 16
Chocks Eacn 13
Cinats Eacn 1"
Pad Eyes Eacn 25

MAN-HOURS REQUIRED FOR MAKING 100 BENDS COR uooxq
SIZE OF BAR 8Y HAND BY MACHINE Wr

IN INCHES  |— —

' HOURS | HOURS | HOURS | HOURS ?

-

‘AT or Less 4 [ 1y ! 2s !
w.oroand A S [ 2 3 '

1" and 14" ) 10 25 ‘ ;
1% and 1" 7 12 3 s l

J

LABOR HOURS FOR PLACING 100 BARS
LENGTH OF BAR IN FEET
Under 10 10 — 20 T?O—-JO
AT of less 8 ? I\ 8
WV and AT b4 [ ] 9.5
17 and VA7 8 10 L5
IRIVREA l 9 12 J "
WELDED WIRE FABRIC UNIT MAN-HOURS
Siabs on Grade, Concrete 100 SF 8
Pawving, Precast Rool
Panels
Gurule and Head Wails 100 SF 1
2-54
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] MAN-HOURS
WORK ELEMENT DESCRIPTION UNIT PER UNIT
FABRICATE: Structural Frames Ton 16 ‘
Columng Ton 16
Girders Ton 16
! Beams Ton | 14
' Trusses Ton | 8 i
l Purins. Guts and Suuis Ton 128 {
! Frames for Openangs Ton 23 !
[ Slars Ton 28 .
I Plattorms Ton 36 !
Ramnngs (Semple 10 Lin FI 18 [
‘ Tuba Pipe} ?

Table 2-12 - Placing Reinforcing Steel (Ref.

Table 2-10 - Structural Steel Fabrication (Ref.

NOTES:

1 Fabrcabon of sturcturai steed
nciudes culling. fiveting.
burmwng gnliing. Muikng fiting,
L130MDIDg  weking  Doilng,
$lonng, I0AdNg. 8N hauiing W
the (00 s1te

2. Man-hou' units &8 Lased on
DOlted co~nechions  sectons
are to e weided add 25
percent lor weldego ;oint
DrepasaLon

NOTES:

' Renlorang stee! ladication
includes culing bungiing
BoQng Assemdiy and hying
N mas and beams in the
MCH are A0 NCiLCed

NOTE:

1 Puacament of reniorang steel
ncludes handing wwo placs.
lying. supporiing. and any
culling which becomes
necessacy al 1he si'e such as
CUlung 8round vedced iiems
or cutling slochk lenging of

sleaignt bars 1o il siad
dimenrs.ons

d Man-Haur estimia’‘es are
based on ail renlorcing sleel
being shop labrcated (cut
iengih and beni (eacy 10 piace
wn the structure!}

3 ! rentorcing siael s 10 be

welded in piace add 50
percent o the Ume 'actor

i. v.".~
. BOA
MR ATAN

poliae Aav g 4

Table 2-11 - Reinforcing Steel Fabricaticn (Ref.

10)

-

(Ref. 10)

10)

10)
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bl Table 2-13 - Structural Steel Erection (Ref. 10)
.1-:' NOTES:
.‘\' MAN-HOURS
K "‘-. [WORK ELEMENT DESCRIPTION UNIT PERUNIT |y Erection of structurai steel
b Inciudes handiing. erecting.
TN JUNLOAD. ERECT AND PLUMB emporany Dot Doy,
i levekng righ sirength doiting
A Cotumng I“‘ 138 and or werding
. Beams T°" 138 2 Man-hou- Iigures sre based
" Guders : on ¢ 0N using naw construction
“ Trusses Ton 17 matenals
. Guis and Puring Ton 1.9
- Braang and Tiers Ton 178
W Light Framing Ton 238
v L'GH STRENGTH BOLTING 100 dons rs
) Grating 1.000 Sq. A, 192 }
R, =",
b 3 »
. Table 2-14 - Welding Structural Steel (Ref. 10)
o
:: Per LF. Material Thickness in Man Mours
4 HORIZONTAL | VERTICAL OVERHEAJ
: N Fiat Arc Welding
o "> RY 27 a6
"o Vi 37 38 42
-.- Lo A4S A9 33
e, LITY <2 59 9)
< w .78 93 1.1
[ ] i) 1.08 1.1 14
.~ v 2.08 K] 23
o v 2.4 23 26
f - Butt Weiding
. ‘v 53 A8 £
.- LY 78 A3 79
) ’ Vet a7 Re) $
LY 1.0% N 1.1
b 1.9 1.5 23
. " 2.08 17 s
v 34 28 a7
B 3.7 e 3
- Table 2-15 - Flame Cutting Structural Steel (Ref. 10)
N
o5 MAN-HOURS
g WORK ELEMENT DESCRIPTION PER 10 LIN. FT.
SN
“ w 1.9
I ‘-l L Y 20
- Ya® 23
] v 23
F W 24
ol e’ 27
oo " 2.7
+ S’ 28
s w’ 30
-‘" ¥ 0
4 w .0
N 2
[ ] 1N A
w 100 K
v 1y | s
-
-~
o
o
-y
b,
|
. 2-55
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- Table 2-16 - Rock Drilling and Blasting (Ref. 10)
'
*
1 .
\ MAN-HOURS NOTES:
WORK ELEMENT DESCRIPTION uNnIT PER LNIT
N | + Tumes may vay depending on
\ One . ] ‘ :ypoollool FQUIOMENt 81G Or
> Suner Dnll 2°1° Gia i Medium) un Fi ‘ 0z |, F“:j::.,zl biashng are ‘or
- Swmer Dril 2'2” dia  MwQ) La Fr | 03 7 e e
- Ar T-ac 21 da M edum) Kun B 26 yramia
g A Trac 2'3° dia (Rasq) Kon F | kY3 “
. Loaa and Shoot Hoies Eacn ' L0 '
)
+C
&Y
“u
u, . il
.. Table 2-17 - Demolition and Removal (Ref. 10)
N
e T “‘ NOTES:
R
: WORK ELEMENT DESCRIPTION umnit PER umrj! | Work nciuges removal of dem
N Concrete Foundations Cu vd s g haons o ping on b
"o Concrele Walls Cu vd [ - 41 ground level
" - Concrete Siabs on Grade. No Cu vd ‘. . o °‘“°°“‘ Up 10 fve muies,
‘o) | Rentorang e ' 5 man-hours per cube
‘ot Concrete Siads on Gracde. W/Wue Cu Yo 4 ;. yard lor 1ubbuah 8nd ruboie
N Mesh Rewnt ; 4 Concrele demouton i3 IQured
. Concrete Slabs on Grade. W/Rebas and Cu vd s | 0N ubing preumanc 100!y with
Mesh ! average crew ol two togt
! Opecators and three 10 five
':1 aborers
:', S. No sliowance lor saivage of
- malenals (Clesning, puliing
. nais, 0c.) i3 nchuded n g
- .
’ Table 2-18 - Hand Excavation (Ref. 10)
b f , uan-noung| NOTES:
Y WORK ELEMENT DESCRIPTION umT PER UNIT |\ hen wheewng over 100" 8ad
L. 7 uonal 40
o, Ganecal Excavauon of Eartn v CY o7 25% lor each aco
) », Trenches 10 ' n Eann 1 Cy 2
LY Post Holes, Smait 3 Desp tn Fi oS
. Full Whaon ook Georgia Buggys & Haul 1CY ‘9
Soresd Excess Eann 1CY o9
P Tom and Fine Grade 1008 F 1.9
08 Hand Compact W. Preumate 1CY o
S Hand Compact W/V.bralory 1CY 2
N
. Table 2-19 - Clamshell (Hourly Production) (Ref. 10)
e
4
' i
s TN :
: ' CLAMSHELL PRODUCTION - 90° SWING | NOTES
'_: LOOSE CUBIC YARD PER HOUR {30 MINUTE HOUR) L1 Fugures are based on i0ose cu
y - 4. use Tab 41910 lind the
» TYPE OF WORK v CY VA CY 2hCY :dmounl ol bank cu yds
y N .
. Loose Sand/Gravel ) 70 ws | ‘E'" °"°:Jm s tor 90°
W PU Excavation 34 60 90
o
)
'
-
04
‘l
*
N 2-56
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0 Table 2-20 - Draglines (Hourly Production) (Ref. 10)
2,
L
= ORAGLINE PRODUCTION - 90° SWING
> BANK CUBIC YARDS PER HOUR (30 MINUTE KOUR)
, OPTIMUM CLASS OF MATERIAL
- BUCKET DIGGING SAND/ COMMON DENSE
' "h.h Size DEPTHS | GRAVEL EARTH CLAY
Ky v CY s 70 ) 0
.::‘ 1'4 CY T4 118 1ng ag
c'. 2'4 CY as 184 147 127
]
Table 2-21 - Erosion Control (Ref. 10)
S
-
o
.r" MAN-HOURS
Y WORK ELEMENT DESCRIPTION UNIY PER UMIT
™
F Place: Jute Mesh. Plasoc Netting,
. or Polyropylens Membdrane 1000 S.Y (%]
. Al
1S Mactune Place RIPRAP-
. Class C” Matenal 1000 C.Y 96.0
- Hand Filing Yoids in RIPRAP 1Sy, 1.8
o
™
N
N
® Table 2-22 - Rough Carpentry (Ref. 10)
n. " -
N MAN-HOURS | NOTES:
- WORK ELEMENT DESCRIPTION unrt rta uNT
- 1. Roug™ campentry nciudes the
- Floor Josts, Sla. Geders and 100 FL . work of messunng. cutting.
( Blocung B4 Meas. NG NSIIMNG wood rameng.
b floor joists. sil's cross
8o Wal Framing- Studs. Plates and 100 Ft 4 brag-~g. wal kamung plates.
"_ Bracing Bd Meas door bucks roof trameng. and
. . raters A work n Connechon
o Cerling Josts B;“;A::L 3 wih nglakng wal and rool
"(‘- sheatwng and Bdng 3 aiso
. oot Framing {Puch Type) and Eave 100 Fi [ ncsuoed.
_"'- Blockung Ba Meass
& Root Frameng (Fiat Type) 100 FL. .
. Bd Mess
&
'~ Beams (Shaped and Dapped) 100 FL 13
n." B8d Meas '
e Beams (Exposed Framang) 100 FL 10
Bd B3 Meas
-_: Trssses. Lo (Naded) 100 F1 ?
L A B¢ Meas
o Trusses, Heavy (Boed) 100 FL 10
WY, Ba Meas.
| \.; Croas Bridprg. 71 Y 50 Sets or []
-3 : 100 PCS
¢ '_: Metsl Sauds 100 Sa. FL 1
. A of Suriace
N Fabricate and Instal Rough Door Eacn 3
- Bucks (Masorvy Wals) Opereng
: ? Ceding Siripping 100 Ln Fy 3
"-: Furnng on Concrets and Masorvy 100 L Ft 8
- ans
AN
" wWood Pusier Grounds on Masorvy 100 Ln Fy [}
~ Waks
"., Wood Fences 100 Sq Fi []
.\
®
. 2-57
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Table 2-23

- Placing Concrete

MAN-HOURS PER UNIT
WORK ELEMENT UNIT | DIRECT CRANE
CESCRIPTION FRAOM | WHEELED|{PUMPED AND
CHUTE BUCKET|
PLACE
FOOTINGS.
FOUNDATIONS
Grade Beams Cu Yg 1 2 [ 1.5
Siabs on Grace Cu Yo {9 3 2 FX3
Walls 10 10" High Cu Yo - — - 1.68 224
Columng Cu Yd e —— 1,68 224
Sutpended Siads Cu Yo —_— - 1.68 224
Beams and Giroers | Cu. Yd - — — - 158 224
Table 2-24 - Mixing Concrete (Ref. 10)

MAN-HOURS
WORK ELEMENT DESCRIPTICN UNIT PER UNIT
1
HAND MIXING ON SITE
2 Boarcs or Boals Cv vd 2
Macrre Mixng On Sile
! 16 5 Magn) Cu +a .8
| Trangt Mix Truck Cu v 056
2
J
2-58
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NOTES:

(Ref. 10)

Hang minng labies are based 4 Labor o charge 3 165 muxer

or enough man 10 ksep a
$2001h constant Low of
matanals adcorsmalely eght
men Man-hour higure (hand)
goes nol incluce placing.
maxumum oulpul adout 20 Cu
Yds per Cay

Hang mung using two boards
esuminales waiung for a baich
1o be mived beifore dry
charging the muxing board. as
the mixes alternale boards
With twetve men the maximum
outout 13 ab0ut 28 Cu Yds. per
day

Warm weather (90 to 100
dagrees) wil low muxing Lma,
and 833 0 S man-hours per cu
yd.

so

w

canbe reduced by the use ol s
smal front end loacer. but at
least one man must remain on
oach 873reCale BI0CK (i WO
MOl buckel I0ading.
Trangt mix man-hours are
based on using 1our 1rucks.
average haul of tive mules. and
four men operating 8 Oty
cement baltchung piant (Ross
of squal)
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Table 2-25 - Production Efficiency Guide cChart (Ref.
10)
[ LOW PROOUCTION | averageenoouction | IGH PRODUCTION |
PRODUCTION ELEMENTS (PERCENT)
23 38 43 5 (1] 76 [ 1] 90 (1] 100
FORESEEN CONDITIONS

Wornoasd Const requirement high. misc. Const requiremont normad, Conat requirement low. misc.
Overhesd high. mise. Overhead normal. overhead low.

Site Aves Cramped working ires. NO & ea Work 8708 hmiled siightty: Lasge work arsa. agequate
tor material storsge. work parial matenial slorage. some maierial storsge. wide lalitude
restricted 10 design, poor |ob verialion 1r1om Qesgn. average from design. good j0d layout.
layout. 100 layoul

Lador Poorly irained, l1ow strength, Averagae trained, normal Highly trained. Over strength,
fow morale. fugh sick cail. strength. fair mocsie. normal nigh morale, 0w sick cal

s.Cx Call

Supervision Poor management. poorly Average mansgement aversge Elficiant management. nighly
trasned personnel. iow lrained personnel. normal trained personnel over
srength strength strengin

Joo High quality work requered, Average work requited, Passable wosk required. good

Condions unlavoradie site materials, AveraQe vite Materialg, siie maleals, long ime
short time operatons; 1nsect reasonabie operation time, cperalon, no INsCt
snnoyance high. N3eCt 3NAOYANCE NOrMal annoyance

Weather Abnormal rain, sdnormet heat: Modersle rain. modecats heat, Some raun. occasonal heat.
abnormad colg. moderate cold. occasional cold

€ Quipment Improper |OB apphcation Fair jOD appiication. squepment Ethiciant 10b application,
aquipment in poor condition; N gVEraQe CONGILON. repaw equipment in gOOJ condiion;
repar and maintenance AN MAINIENANCE Average. sifiCient repair angd
nsdequate maintanancs.

Tactical and Siow supply delivery. Irequent Normal supply delivery, Prompt suppty delivery. no

Logistical tactical delays. occasional tactical detays. tactical celays

.
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Anrnually updated reports titled "Means Construct:ion Cost
Data" should be analyzed to determine manpower and cost !1gures
in commercial construction. This may be applied in the area ot

milizary construction.

=

Y a specific component 1s to be replaced or repaired
depends not only on time avallable, but alsc the convenience of
cenven:ioral tools and materials at hand. During a hgst.le
assault, repair materiais must be i1dentified immediate.y.
Therefore, the matertials may not be previcusly suppliec, and

make-sh:ift material will have to be found. A good knowiedge !

3

the repailr assessment and creativity with materials applicat.cn

N

W, . . . . . . . . L .
Tt will ass:ist in optimizing the identification cf poss:ble repair
"-‘--‘ . v . . .

@: -~aterials.+0 Tnis will be discussed in more detail :n the repair
s secti1on of this report.

»_-

y

4

5 Equ:pment and tools needed for a specific task wi.l affect
¢ the perfcocrmance time. The items necessary will be determined by

*he task at hand and cannot be accurately predetermined.

.
. N

The weather has a great effect upon construction. Bad

weather, such as railn can slow construction operations and

. sometimes cause additional work, increasing the number of hours

L

of labor reqguired for repair/replace. when divers are reguires
e

t> g3 into water for democlition or column location and the ocean

T conditions are not safe enough for a job tc be dcne, all
A

- subsequent phases of the project will be delayed.

o

]

-‘ - . . .

o Figure 2-27 illustrates the decision process for management
- assessment .

o

o

=~ 2.4.9 New System Ideas

N

o

s The f5llow:ing system can be used 1n combinaticn with o or
o

AN without previously used assessment techniques. Figure 2-.4

2-60
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1llustrates @ matrix that defines required waterfront

furctions ‘facilities, types of damage and new damage assessment

techniques that can be integrated with previous techniques.

MINIROVER

The MIniROVER MK II is a remotely operated vehicle (ROV)
(0 to 1000 Ft.). The

high-resolution color TV

that functions in shaliow to deep water

venicle contains a closed-circuit,

carera. The video picture can be viewed on a surface monitor or

a videotape can be examined later. The information is gathered

in a manner which gives compass headings of the vehicle, depth

frcm surface, and height from bottom all translated to the video

monitor. Two man crew is needed for operation. The weight of
The cost of the vehicle
is $50K. Figure 2-29

Appendix B gives detailed

the vehicle 1s approximately 70 pounds.
alcne purchased from the manufacturer
illustrates the MiniROVER.14

specifications.

Figure 2-29 - Mini ROVER MK II (Ref. 14).

Advantages

1. Operate in adverse conditions.

2. Can operate where divers are liable.

)
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Videotape is produced for engineer to examine actual
finds.

Glves compass headings, depth from surface and bottom

of damaged area.

Can operate in deep water where divers wouid have to

decompress.

System is modular, - ease of mechanical repair.

Under favorable conditions, the ROV can inspect

a 20' deep square concrete pile in 3 minutes.

Disadvantages

-
.

(av

Visibility less than a foot, visual reception is poor.

Water current speeds greater than 1 knot, cannot

operate.

Must be careful of tangling of tether cord.

Must have trained crew to operate.

SCANNING SONAR

To

increase the efficiency of an underwater damage

assessment survey, the use of scanning sconar should be used 1in

cembination with ROV's and/or divers. The efficiency of such a

system can be achleved 1n several ways:

O

W T e e N T
RO R
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o Obtaining information in a situation which may

otherwise be impossible.

o Safety - use of sonar, rather than divers in a highly
dangerous environment.

o Diver Tracking

o] Cost effectiveness may be achieved by reducing

operation time.

With the use of a ROV with T.V. capability, the scanning
sonar 1s most effective. It is unlikely that a superior
replacement will ever be found for T.V. in underwater visual
inspection, but limitation in range and inability to perform
measurements restricts the use of close range visual inspection
tasks.l6 Scanning sonar devices can extend the visual range
beyond that of a T.V. camera, yet limitations of the information
bandwidth make the image forming capabilities fall short of T.V.
capabilities. However, there are several marketed high frequency
scanning sonars incorporating display features and high
resolution which give the operator a presentation more closely
identified with T.V. than conventional sonars.

The following is from an article by D. Cattanack and E. W.
Cookson which cons.ders the UDI AS360 Scanning Soner:

Imagine a plan view of an area of the seabed,
or a section through the side of a platform,
gsome 200m in diameter. Such an area no side-
scan could clearly resolve, nor T.V. camera
cover in a single sweep. The AS3€0 can scan
a complete 360C circle around the area (or
various segments from 15° to 2709) to provide

a real-time T.V.-type pictur. and video

2-65
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record.

The AS360's 27° vertical by 1.4° horizontal
beam width, (Figure 2-30), transmitted at
500KHz provides a high resolution video
picture. The picture is updated every few
seconds such that the movement of
submersibles, and even divers and smaller
objects, can be clearly detected. It 1is
suitable for both inspections as close as 1m
and for much further distances. The sonar
range can be varied from 10m to 20m, to 40m
and 100m. Close range inspections of
structures and trenches can be undertaken
with the AS360 in the profile mode and larger
areas, as encountered in search applications,
up to 260m in diameter can be attempted in
the orthodox horizontal scan mode which gives
a plan view of the area. But in the latter
case the sonar has a far greater resolution
than conventional sidescan and gives the
operator a presentation more closely akin to
that of T.V.

~3

pre) '
FIGURE 2-30 - AS360 BEAM PATTERN
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For waterfront inspection, the scanning sonar can be used in
the profile mode to conduct underwater surveys. The sonar 1is
mounted such that it scans vertically through the plane of the
pier/wharf to help detect damage to piles and missing braces,
also to carry out scour surveys, and to monitor the condition of
the waterfront area. The area that is displayed can be 50 meters
in diameter of the pier/wharf. This area can not be matched by
conventional T.V. inspection. Expensive diving time can be
limited to closer inspection of specific areas of the structure.
Figure 2-31A and 2-31B illustrates a scanning sonar survey of a
North Sea gas platform. The purpose of the survey was to analyze
anodes and scour on the structure. The sonar head is positioned

in the center of the picture, scanning 360° in a vertical manner.
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FIGURE 2-31A - PLATFORM INSPECT.ON VIDEO.
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e During underwater repair operations, the video format will
A
{f allow the construction teams essential personnel - engineers,
ﬁjxl foremans, crane operators - to follow closely, on auxiliary

monitors, the underwater operations in real-time while they are

f:j actually performing their individual task. In comparison with
) R

j‘,-.j towed sonar systems, like a sidescan sonar, the sonar record must
P -

::"_ be time phases due to the relationship of recording with vessel
1(. speed. Therefore, a skilled interpretation is needed to judge
P relative positions and distances accurately, where as, the
Ay

'5-:-'_\ scanning sonar record does not.

_-:

®.- The AS360 head and monitor is shown in Figure 2-32. The
V-‘.

.'::-}-j scanning head weighs 2Kg in water and can be operated with a
",'. conventional pan and tilt mechanism.
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The AS360 is extremely versatile in the modes of deployment.

The scanning sonar may be attached to a ROV, 1illustrated in

Figure 2-33, or a diving bell, or fitted to a tripod. During the

same deployment, both plan and profile views can be obtained.

1' -I'

"y

.r,:.'r

\

i‘-v’

FIGURE 2-32 - AS360 HEAD & MONITOR.

FIGURE 2-33 - AS360 ATTACHED TO ROV.
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To date, underwater vehicle designers and operatcrs have
often relied entirely upon the maneuverability and versatii.ty of
a vehicle to initially locate a target before a close inspecticn
could take place.l’

During the inspection, divers may be easily tracked by
surface crews using scanning sonar. If an underwater
communication look 1s available, the diver can be directed
towards targets or away from obstacles. This 1s 1important 1f
divers are needed to remove debris over a wide area and where the

risk to human life is possible.

Scanning sonar may also be used for harbor surveillance.
The AS360 can form either a plan view of the seabed, or a sector
through the side of a harbour wall or underwater structure some
200m 1in diameter. It can scan a complete 360° circle around the
area (or various segments from 15° to 270°) to provide a real-
time T.V.-type picture and video record. The picture is updated
every few seconds such that the movement of submersibles and even
divers and smaller targets can be clearly detected.

There are several types of scanning sonars that are
available on the commercial market. The AS360 scanning sonar has
been discussed due to its ability to be incorporated with ROV's,
comparatively low cost, and ease of transportation. Several
models of scanning sonars are listed below with approximate
price. Detailed descriptions are found in the Appendix C of this
repcrt.

MODEL 3 APPROXIMATE COST
AS360 MSS $22K w/0 monitor
AS360 MS1A S30K w/0 monitor
AS370 $225K
AS38G $425K
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SIDE SCAN SONAR

When environmental factors eliminate the use of ROV's or the
area 1ls to large for scanning sonar and the large area must be
covered quickly, acoustical imaging in the form of side scan
sonar can provide a great deal of information. The high
resolution side scan sonar can provide an excellent overview of
damaged areas. Its ability to rapidly produce photograph-like
images of seaflocr topography have made its application towards

waterfront assessment increasingly popular.

To understand how side scanning is used lies in the nature
of the sonar recording process. Figure 2-34 illustrates the side
scan sonar and the side scan sonar technique. The following is

from Reference 18:

The transducer is a linear array which transmits a beam
that is broad in one direction and very narrow in the
other. In normal usage a pair of transducers are
mounted in a towed body such that the broad beam is
vertical and the narrow beam is horizontal. The
transducer body, or towfish, is pulled through the
water by an electro-mechanical cable, which carries the
power and signals to and from the graphic recorder on
board the vessel. As the tow body moves along,
successive pulses produce echoes from strips of the sea
floor. The broad vertical beam provides coverage from
directly beneath the transducer out to the full range
selected by the operator. The transducers are towed at
some height above the sea fioor, so the distances to
bottom features are slant ranges and not a true scale
presentation. The individual pulses are laid down side
by side by the graphic recorder to form a detailed

image of the seafloor.
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FIGURE 2-34 - SIDE SCAN SONAR

The resolution that 1is achieved from side scan sonars have
made it a viable technique for waterfront facility inspection.
Though primarily used for large areas, the side scan sonar can
detect some fine detail but will not discern the degree of
detericration of a single piling. Figure 2-35, courtesy of Klein
Associates, Inc., shows a 500 KHz record of pier pilings in
Norfolk, VA showing broken and damaged piles. Note the clarity
and detail of the high resolution recording.

Another inspection using side scan sonar was conducted by
Hydromar, Ltd., of Trois Riviers., Quebec, Canada in Quebec
Harbor. The survey was conducted on a pier face. For further
details on the inspection, the reader is referred to the paper by
Mazell8 and the report by Hydromar, Ltd. 19

A sample side scan sonar record obtained by Hydromar is
shown in Figure 2-36. This shows a front view of the pier. The

following is a description of the findings by Mazell8:

2-72

-
LV




[ 2P aE e 4

v ALY AL AN

cem 80 k223 b UK o T

,\‘-,.J'_-I',\-P\-_‘J‘ TN M ACAC ST M

Ty =
- ol A -
Lo’ R S G 2 el N ati AR aie Ralita it las < it i A -

The image shows the texture of the concrete and any
discontinuities in the surface. The horizontal lines
parallel to the top and bottom of the pier are the
small (1 cm) cracks left in the pier face by the form
used for pouring the concrete. At the right side of
the record is an area where the pier construction has
changed to wood, made up of square-cut beams laid
horizontally. The record is light in the area of the
wood because it is smoother than the concrete and
returns less sound to the sonar. With proper tuning
the tiny cracks between the beams could be seen, along
with any deformations on the surface.
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FIGURE 2-36 - SIDE SCAN SONAR RECORD QOF PIER FACE, QUEBEC, CANADA

The side scan sonar system offers an advantage in underwater
assessment is the speed at which a large area can be inspected.
The results are immediately available through the direct
recording process. This makes interpretation of the situation
immediate. The hardware is available off the shelf and is
readily adaptable to a wide range of survey platforms.
Specifications of the system are found in Appendix D. The
following are approximate prices for the Model 590 side scan

sonar system components offered by Klein Associates, Inc.

Item Approximate Cost

Model 595 Recorder - When Configured To Accept:

- 100 kHz/500 kHz Dual Frequency
Side Scan and 3.5 kHz Profiler
Data $41,325.00
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Item(cont.) Approximate Cost

- 100 kHz/500 kHz Dual Frequency
Side Scan $39,203.00

- 100 kHz or 500 kHz and 3.5 kHz
Dual Frequency $35,490.00

- 100 kHz or 500 kHz Single
Frequency $33,368.00

Model 422S-101HF Dual Frequency Towfish $22,500.00
100 Meter Multi-Channel Lightweight Tow

Cable. (Longer lengths available at

$15.93 per additional meter.) $ 2,993.00
100 Meter Multi-Channel Armored Tow Cable

(Longer lengths available at $13.98 per

additional meter.) $ 2,698.00*

*Armored Cable Cut and Reel Charge, per
length S 175.00

STRAIN GAUGES

A strain gauge is a device employed to measure change in
length over a gauge length or to detect strain at a point.
Electrical strain gauges of many types have become popular in
recent years because of their light weight, small size, ability
to work in dynamic conditions, remote sensing and recording
possibi.ities, relatively low cost, and other important
advantage:s including extreme strain sensitivity. Construction of
a typical bonded resistance gauge is shown in Figure 2-37.
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To use the electrical resistance gauge, the gauge is first

PO YA AP

‘
SN

bonded to the material under going strain so that it essentially

becomes a part of the material to be loaded with deforms with the

material. The wires or foil of the gauge filament will then be

strained producing an electrical effect.

B
A

1L a

The use of the strain gauge may be incorporated during
construction of the facility. The gauges are then connected to a
computer so that at any time the strain on the decking or pile
may be determined. This is useful to determine overloading or to

be used during the engineering assessment.

r//’,,_—- Backing
/]

[ —————TFilament

(fine wires or foil,
foil now is more
common)

. |
J
. )

MN0ar

Lui

Lead wires Gage cement, often an epoxy

Cover (felt, paper,
etc.)
Bonding cement

LT E T i
L) 190000000510 RLDA0N RN ESRDY 0 Filament

Material to be strained

Backing (metallic,
foils, paper,
epoxies, etc.)

Figure 2-37 - Electrical Resistance Wire Strain Gauge (Ref. 15).
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2.4.10 New Requirements for Inspection

Requirements for inspection refer to post military attack as

“~ v . . . . .
e well as to a 1nspection performed durlng peacetime environment.
;2« The following criteria is followed by Naval Operations for the
;?: condition and safety of bridges.
&
N o Structure is inspected underwater at intervals of once
BN a year, with 15 months being the longest period.
AN . . . .
\j\ Structures which are especially critical or susceptible
o P
’ to deterioration are placed on shorter intervals.
oo
e e} Newly constructed structures, and repairs to
i;- structures, are inspected during and at the end of the
‘; construction, insuring proper construction techniques.
e
f?j o One hundred percent of all underwater elements are
.}ti visually inspected, ten percent are cleaned and probed
{ : and five percent are measured or tested.
v
o
- o Underwater color photographs are used no matter how
s Ly s
55 poor the water conditions,
'\ -
1o
T o Each facility is analyzed for load carrying capac:',
o
?; temporary restrictions are ordered if necessary.
i
o . : o
oy o) Inspection engineers should have diving q:a.
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[2
~ 2.5 REPAIR
W
i
N 4
j: The repair process to be used is derived from the
: engineering and management assessment of the total situation.
'wg The engineering assessment develops the safety condition,
{ n,
:ﬁ capacity of the structure, and the extent/deterioration rate of
l) . - . .
"j the structure. From these three main findings, several repair
\ _ methods are generated. To determine the most effective repair, a
"y
<\i management assessment is performed. This analysis compares
by
':i repair method criteria to that of the "needs" of the waterfront
,:3 facility (e.g., time, available material, personnel, etc...). To
determine if a repair is applicable, these characteristics should
o be adhered to:
)
) ‘ . .
: o Attainable material.
o
b o Assembly should be as simple and accomplished
;i} with as many non-specialized personnel and
>, tools as possible.
s 0 Minimum preparation time for repair.
- o Assembly should be of few differing
2
;3 components.
o
W

.l
O

Repair should be stronger than the system

"y
L3

replaced to account for permanent structural

- -
s

0 damage to surrounding areas.
=

\i o Must accommodate maximum expected container

:? loads (30 Long tons), tanks(60 LT), etc...

~

o . : : :
) The following methods of repair will be discussed in three
jﬁ sections: foundations, piles, and decking.
'6 2-79
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2.5.1 Repair Methods Por Foundations (Existing Concepts)

Piles are used to transmit the load to a deep stratum that
is strong enough to bear the loads or to develop sufficient
friction around the surface of the piles. If expedient repair is
necessary to replace a pile where the original base of the pile
cannot be used, or if there is need for a pile where previously
there was none, an expedient foundation may be used. The
foundation is a prefabricated base, composed of attainable
material around the facility. The theory behind a foundation is
to distribute the locad from the pile over a wide area. The
actual design is dependent upon type of soil, load, and physical
properties of the materials.

Several foundation designs will be discussed.
o0 Steel beam foundation
o0 Concrete foundation
o Rubble foundation
o New conceptual designs
2.5.1.1 Steel Beam PoundationlO
Figure 2-38 illustrates the steel beam foundation. This
design uses butt welded wide-flange beams to distribute the pile
loads over a wide area. The area must be level and cleared of
debris for total load transference to the soil. Table 2-26
provides planning and estimating data for steel beam foundation.

2.5.1.2 Concrete PoundationlO

Figure 2-39 illustrates the expedient concrete foundation.
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This design uses halved 55-gallon drums filled with mesh
reinforced concrete. The large surface area of the concrete
transmits the load of the pile to the soil. Threaded rod is
embedded in the concrete to anchor wide flange beams to the drums
to provide a means for attaching the pile to the foundation.
Like the steel beam concept, the area must be level and cleared
of debris for total load transference to the soil. Table 2-27
provides planning and estimating time for concrete foundation.

2.5.1.3 Rubble PoundationlO

The concept of a Rubble foundation is illustrated in Figure
2-40. Like the steel plate foundation, rubble and early high
strength concrete provide a foundation for a pier pile. The sea
floor is excavated by the use of air jet or air lift. Rubble is
placed into the cavity. The repair pile is lowered by variable
buoyancy air bags into the cavity, then concrete is pumped into
the remaining volume of the excavated area. The pile is then
braced to adjacent piles. Table 2-28 provides planning and
estimating time for rubble foundation. ‘

2.5.1.4 New Conceptual Designs Por Poundation

The following two designs are conceptual in-nature and
require further evaluation.

2.5.1.4.1 Steel Plate PFPoundation

The steel plate foundation is illustrated in Figure 2-41. A
water jet or air lift is used to excavate around the base of the
pile. The failed pile is cut to the bottom of the excavated
area. Rubble is lowered and placed in the hole about half-way to
add support. Early high strength concrete is pumped into the
hole to fill the original grade of the sea bottom. High strength
galvanized bolts are set into the concrete. After concrete has
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time to set up, wide flange beam with a welded steel plate is
lowered by variable buoyancy lift bags. The beam is set into
place and bolted. Shims are used to fill gap between pile caps

“h

ﬁi and pile. Table 2-29 provides planning and estimating time for
ﬁ’ steel plate foundation.

an

"y 2.5.1.4.2 Skirt Poundation

9

i{ This type of design for a foundation has been used on a
$ larger scale with concrete gravity structures in the North Sea
- oilfields. The design operation is to transmit axial and bending
: moments to the large, heavy foundation which counteract these
" forces.

X

‘o)

The skirt foundation shown in Figure 2-42 is shown on a
smaller scale. This foundation is precasted, and therefore can
- be immediately used. The skirt would be airlifted to the site,
} wherein a pile would be inserted into the pile couple and fixed
. to the pile cap with shims.

2.5.2 PILES

: As discussed in a previous section, there are many causes
for why piles will deteriorate in the marine environment. The

3: following methods for the repair of steel/concrete/timber piles

)

' were developed by Reference 3. New concepts will be introduced

g at the end of the section.

3 2.5.2.1 Steel Piles (Existing Concepts)

vl

W There are several methods for the repair of steel piles.

o These methods are grouped into five categories: concrete

- encasement partial replacement, complete replacement,

;3 coating/wrapping, and cathodic protection.

A, 4
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Table 2-26. Planning and Estimating Data for
Steel Beam Foundation

Description of Task: Repair a deteriorated portion of a driven
pile with a prefabricated expedient foundation at the mud line.
The foundation will be 10' x 10' using wide flange beams to
support a 2' diameter steel pile.

Size of Crew: 2 divers, 1 welder, 1 steel worker, 1 laborer.

Special Training Requirements: Familiarity with above-water
welding, underwater lifting procedures.

Productivity of Crew: 0.56 hours per inch of frame perimeter.
(56 hours for 10' x 10' frame.)

Equipment: Arc cutting torch equipment, crane or lifting
equipment, oxy-acetylene torch, variable buoyancy lift bags.

Materials: The area and beam size depends upon the load that the
facility carries. The type of beam used would be wide flange
beams. Yield stress of steel will also be load dependent.

Potential Problems: The area must be level and cleared of all
debris. Settling may occur causing the foundation not to carry

the load. The foundation frames must be floated into position by
variable buoyancy lift bags.

Table 2-26 - Planning and Estimating Data for Steel Beam
Foundation.

[ . OV A AT UL I LT W Wl WAL n" LS <
S, " \_\ \u_\_\. \‘-..f J)\,

P -
\J‘\J‘ \\\\
e INIUPOIN R A% TW, e ¥y Ralal

-




"-Fv_“

.
P

-

)

(0T °39y) uotrjepunog 33310uo0) juartpadxy - gE-z 2inbrg

- Nvae
IMVLI-2d1IA

IARKA; QOLOLLN: | KEARALS
. - - -~ - ~ B

 TIITRIR

2-85

TN
« o>~
RGN

TN,
A

s

-
v

\:.\‘.‘-. =0 .'. .'."'
- E
*u = S, N

W W Wy o oo v
-‘ AT N

w,
P

v
».



,-
pe s
ARF

» I NI AR

" A

AR

Aﬂ. '_
o

Lfk}ﬂ.

}A‘.L‘L‘

AL

U
e
-

2’
efstaa A

NN

-
Py
4"‘. \ _\-:.

I‘J..J";.-'&I‘.!

K '-a v
PRI

Py -
L4
Y

AT

{-‘:

Y ‘
0 x;
SARETL NS

l‘f

® ix

°
N

.....

Table 2-27. Planning and Estimating Data
for Concrete Foundation

Description of Task: Repair a deteriorated driven pile by
replacing with a concrete foundation at the mud line. Concrete

foundation consisting of 55 gallon steel drums and wide-flange
steel beams.

Size of Crew: 2 divers, 1 welder, 1 steelworker, 1 laborer
Special Training: Familiarity with procedures for concrete
pouring, framework fabrication and installation, above water
welding, underwater lifting procedures.

Equipment: Oxygen arc cutting torch equipment, crane or lifting
equipment, oxy-acetylene torch equipment, hydraulic power unit,
hydraulic drill with bits, variable buoyancy lift bags.

Productivity of Crew: 65 hours for fabrication and placement for
3-55 drums filled with concrete, 4-9' W 12 x 72 beams welded.

Materials:

The area and beam size depends upon the load that

the facility carries. The type of beam used would

be wide flange steel beams.

Concrete

Concrete used is F¢o'= 3 ksi. To determine amount of
concrete required depends upon the area of the

form. Wire mesh is used for reinforcement.

Fittings

Threaded bolts are bent. The size required depends
upon size of wide flange beams.

Potential Problems: The area must be level and cleared of all
debris. Settling may occur causing the foundation not to carry
the load. The foundation frame must be floated into position by
variable buoyancy lift bags.
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Figure 2-40 - Rubble Foundation (Ref. 10).
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Table 2-28. Planning and Estimating for
Rubble Foundation

Description of Task: Repair a deteriorated portion of a driven
pile by constructing a concrete/rubble foundation. Added support
comes from the use of a brace. The foundation of the original
pile is excavated and replaced with rubble and early high
strength concrete. Metal brace is used for lateral stability.
Top of column is fitted to pile cap using shims.

Size of Crew: 2 divers, 1 crane operator, 1 laborer

Special Training Requirements: Familiarity with underwater

excavation techniques, crane operation, underwater lifting
procedures.

Equipment Requirements: Airlift, crane or lifting equipment,
variable buoyancy lift bags, concrete pumping equipment,
hydraulic drill and bits.

Productivity of Crew: 17 hours per pile

Materials:

The pile size depends upon the load that will
be carried. Brace depends upon distance
from adjacent piles.

Concrete

Concrete used is Fo+r = 3 ksi. The amount
of concrete required depends upon the
excavated volume.

Potential Problems: Excavation may be prolonged depending upon

soil composition.
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Table 2-29. Planning and Estimating Data for
Steel Plate Foundation

Description of Task: Repair a deteriorated portion of a driven
pile by constructing a steel plate foundation. The foundation of
the original pile is excavated and replaced with rubble and early
high strength concrete. High strength bolts are set into
concrete. Wide flange beam with welded base plate is bolted to
footing. Top of beam is fitted to pile cap using shims.

Size of Crew: 2 divers, 1 welder, 1 crane operator, 1 laborer

Special Training Requirements: Familiarity with above-water

welding, underwater excavation techniques, crane operation,
underwater lifting procedures, drill and bits

Equipment Requirements: Airlift, arc welder, crane or lifting
equipment. Variable buoyancy lift bags, concrete pumping
equipment.

Productivity of Crew: 20 hours per pile

Materials:

The beam size, plate size and bolts depends upon
the load that the column will carry.

Concrete
Concrete used in Fo' = 3 ksi. The amount of

concrete required depends upon the excavated volume.

Potential Problems: Excavation may be prolonged depending upon

soil composition.
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2.5.2.1.1 Concrete Encasement

Concrete encasement is a common repair technique used for
semi-deteriorated piles. This adds strength to the pile against
buckling and axial forces. In the splash zone, concrete
encasement is used for corrosion and abrasion protection. The
two types of encasement are flexible and rigid form. Each
encasement technique involves the cleaning of the pile of marine
growth and loose rust using high pressure waterblaster.

2.5.2.1.2 PFlexible Forms

A flexible form (Figure 2-43) incorporates the use of a 6x6-
inch wire reinforcing mesh to be placed around the pile, using 3-
inch PVC spacers to hold the mesh away from the pile. A fabric
form is placed around the pile, and secured by the use of
mechanical fasteners top and bottom. Concrete is then pumped
into the fabric form through seacocks using a hose that extends
to the lowest point of the form. To avoid creating voids, the
form should be vibrated. Wwhen the form is completely full, the
seacocks should be closed and the pump hose removed.

2.5.2.1.3 Rigid Forms

A rigid form (Figure 2-44) uses a fiberglass form rather
than a fabric form. This type of form incorporates a temporary
wood base plate (Figure 2-45) and friction clamp assembly. Wire
reinforcing mesh is attached to spaces to insure 1-1/2 inches of
concrete cover, The fiberglass reinforced polyester jacket is
installed around the pile and locked with a Z-bead closure.
Concrete is pumped until it begins flowing from the top, wherein
a 45-degree angled epoxy cap is attached to the top of the form.

In some cases, a fiberboard may be used rather than the
fiberglass system (Figure 2-46). This incorporates split
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fiberboard and the same system of reinforcement as the fiberglass

system except for the use of straps for support rather than
reinforcing bands.

Concrete encasement is a technique that can be used for the
prevention of corrosion and abrasion. This can be installed
during the construction phase or after construction.
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3
‘:ﬁ Table 2-30 provides planning and estimating data for repair
?iﬂ of steel piles using concrete encasement.3

2;\ 2.5.2.1.4 pPartial Replacement

e

s Corroded sections of H-piles can also be repaired by
?9; replacing with a new piece of H-pile as illustrated in Figure 2-
o 47. The corroded section of pile is cut out being sure that the
:}5 bottom and top cuts are square. Temporary supports may have to |
*§ be provided to transfer the load from the pile being repaired to
o adjacent piles. A welded assembly of a l-inch steel bearing
:?; plate, two 3/8-inch steel side plates, and four steel angles is
iif fabricated above water and placed over the bottom cut. Holes are
tﬁ drilled or burned through the H-pile flange and web, using the
-;' predrilled holes in the assembly as a template. The assembly is
- bolted together with 1-1/4-inch galvanized steel bolts. A
;; section of new H-pile is then cut to fit the missing length of
ﬁ: pile and a 1-inch steel bottom bearing plate is welded to the new
L.\ section. The replacement section is placed into position and the
(Jw bearing plates are bolted together. The upper joint and four
'ﬁ% 5/8-inch steel splice plates are welded to both H-pile sections.
o

o

;f' A similar method, illustrated in Figure 2-48, involves a
;2‘ direct attachment of the new pile post to the pier deck using a
.;: l-inch bearing plate bolted to the deck. This arrangement is
;i necessary when the steel has corroded extensively at the
ﬁi concrete-steel interface.

o Table 2-31 provides planning and estimating data for repair
.5; of steel piles using partial replacement. ]
-~

2.5.2.1.5 Complete Replacement
K. In some cases, it is more economical to replace rather than
;ﬁ repair. There are several methods for expedient replacement.
. One such method that corresponds to concrete decking, consists of
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of Steel Pile (Ref. 3).

AR N

L

Y

2-96

.-.:..

Y

o
N

A)

W A\ A (L o,
PPN N ITNNDIEA




- b
rl'.

9", {

:: Table 2-30 - Planning and Estimating Data for Steel
N Pile Repair Using Concrete Encasement (Ref. 3)

N

Oy

’.‘ Description of Task: Repair a deteriorated steel pile by installing a
o™ concrete encasement from | foot above the high water line to 2 feet
i.,: below the mud line. The total length of encasement is 20 to 30 feet.
ot Reinforcement of the pile is not required,

\

':i) Size of Crew: 2 divers, 2 laborers.

}_';. Special Training Requirements: Familiarity with the type of jacket to
.',:- be used for the concrete form, concrete pump operation, jetting or air
";-" lifting procedures, and removal of marine growth.

= Equipment Requirements: High-pressure waterblaster, hydraulic grinder
.::. with Barnacle Buster attachment, hydraulic power unit, concrete pump
i with adequate hose, concrete slump cone, air jetting pump and hose,
:} rigging equipment, float stage, scaffolding. If ready-mix concrete 1is
- not available, provide a concrete mixer and other equipment (e.g.,
PR3 wvheelbarrows, shovels, etc.) as needed.

: .

“f: Productivity of Crew: 6 hours per pile repair,

p/.

-~ Materials:

s —_—

)

r- Form Material

:‘_:',', Either flexible or rigid forms may be used., When using proprietary
j-.: forms, follow manufacturers' recommendations regarding lengths and diam-
ol eter of forms, top and bottom closures, spacers, bands, straps, and spe-
oot cial fittings. Forms are ordered prefabricated in the required length
bl and diameter. For flexible forms, allowance on the length must be made
) for extra fabric that may be required around blocking at the top and
o bottom of the jacket. Some proprietary systems require that different
~e types of forms be used in the tidal and submerged zones.

N

B Spacers

W

@ A congervative estimate of the number of spacers must be made., In
o calm water and with vertical piles, relatively few spacers will be
WY ' required. Rough water and batter piles will require more spacers.

o]

::.. Wire Mesh Reinforcing

N

°.. Usually 6x6-10/10 welded wire fabric is adequate. Calculate the
T width of wire fabric required based on its circumference, taking into
g consideration the thickness of the spacers between the pile and rein-
:j forcing and allowing at least a 12-inch overlap of the ends.
Sa)

&3
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4
7o determine the amount of concrete required to fil. the torm, ‘e
\ congervative. When using flexible jackets allow for reduction of con-
1 crete volume due to loss of water through the permeable fabric, enlarge-
SCA ment cf the jacket caused by stretching, and waste. Usually an all-wance
"3 of 1CI extra concrete over the theoretically calculated quantity 1is
b sufficient. Contact the ready-mix plant operator well in advance to
| deterzine type and amount of concrete and delivery schedule. If ready
',‘ mix is not available, provide for hauling, stockpiling, and protecting
L~ cement, aggregates, clean water, and admixtures, and schedule extra
A man-hours,
'.-
e Form Reinforcing Straps and Special Fittings
:\ Rigid forms usually require reinforcing straps. The spacing and
-~ number required depend on the type of form and the hydrostatic pressure
> of the concrete fill. Some types of reinforcing straps are reusable, but
:_; an allowance should be made for a loss of between 10 and 20% of the
. straps each time they are used., In addition to reinforcing straps,
¢ closure forms, blocking hangers, inlet valves, and clamps will be
o required, the number and type depending on the forming system being
o used.
e
= Potential Problems: Potential ripping of fabric forms requires famil-
4

iarity with repair procedures and the availability of repair equipment,
( Potential unzipping or unlocking of form seams requires familiarity with
banding or strapping procedures with form partially full of concrete.
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Figure 2-47 - Replacement of Intermediate Section of
Steel H-Pile (Ref. 3).
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j Table 2-31 - Planning and Estimating Data for Steel Pile Repair
g . .
v Using Partial Replacement (Ref. 3)
Description of Task: Repair a severely deteriorated steel H-pile by
'N‘ replacing a section of the pile from 1 foot above the high water line to
~y 2 feet below the low water line. Total length of repair is 10 to
:j 20 feet. Pile is located near the edge of the structure,
¢
:‘ Size of Crew: 2 divers, 1 welder, 2 laborers.
¥
',:. Special Training Requirements: Familiarity with underwater cutting .
:q techniques, above-water welding, removal of marine growth, underwater
‘¢¥ lifting procedures, and drilling procedures.
W
L {s Equipment Requirements: High-pressure waterblaster, hydraulic grinder
with Barnacle Buster attachment, oxygen arc cutting torch equipment,
- hydraulic drill with bits, hydraulic power unit, rigging gear, crane or
\ﬁ: lifting equipment, float stage, scaffolding, oxy-acetylene torch equip-
g ment, clamp-type template for cutting piles.
~l
-,
S Productivity of Crew: 20 hours per pile repair.
e Materials:
o
- Replacement Pile Section
f;u The replacement pile section should be long enough to span the
; measured distance between the bottom cut and the top cut on the damaged
‘N pile, minus the thickness of the bearing plates. If replacement 1s to
N be performed to the bottom of the concrete deck, allowance must be made
' for "swinging" room in bringing the pile under the deck, which is taken
:ﬁ up by a shim. The best repair will result if the replacement pile is of
4 the same cross section as the existing pile.
)
N Plates
o
JAS
ﬁ: Plate thicknesses will depend on details of splice. Allow for
. waste.
Y
'.\
o Argles
Y
e Angle sizes will depend on details of splice. Allow for waste.

Bolts

T

Bclts should be ordered siight.v longer than normallv reguired.

Expansion bolts are required tor some details. Al.ow for lusses due to
e dropping.

Prtentia. Problems: Since new steel s arudic to old steel, the new

sreel rep.acement sectior las a high nusceptibil ty teo corrosian tt not

nrotecte!
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cutting a hole in the decking between existing piles and driving
a new pile. Bracing bar may be welded to add lateral stability.
A pile cap is formed under the deck and around the new pile, and
concrete is placed to fill the form and the space in the deck.
Figure 2-49 illustrates the method.3

Another method of pile replacement involves an opening in
the deck in which a pile is driven at an angle, then laterally
placed under the existing pile cap. A shim is placed between

pile cap and pile to secure the pile in place. This technique is
shown in Figure 2-50.3

A new type of filler that has been developed for repair may
be used in place of or in combination with concrete in some
situations. The name of the product is Instant Road Repair (IRR)
developed by Emcol International Limited of Bristol, U.K.

The product is placed into any size, shape or depth hole or
crack straight from its 25kg packaging, then spread and
compacted. The product consists of 93 percent aggregates
(largely granite) and 7 percent Emcol liquid, which is bitumen
based with additives, including flexibilisers. IRR has been used
at a number of port locations throughout the U.K.

2.5.2.1.6 Coating/Wrapping

To deter natural corrosion from occurring or continuing, the
pile may be coated or wrapped. Some types of coatings/wraps are:
coal tar, epoxies, polyvinyl chloride. The coatings should be
applied from the decking through mean low water.

Planning and estimating data for repair of steel piles using

coatings are provided in Table 2-32 and using wrapping in Table
2-33.3
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- Table 2-32 - Planning and Estimating Data for Steel
5‘ Pile Maintenance Using Wrapping (Ref. 3).
L]
\
Y
"
‘-
N ;
< Description of Task: Wrap a steel pipe pile with commercially available
~ polyvinyl chloride (PVC) wrapping sheets from | foot above the high
' water line to 2 feet below the low water line. Total length to be
N wrapped is 10 to 20 feet,
z Size of Crew: 2 divers, 1 laborer,
"' Special Training Requirements: Familiarity with procedures for removal
. of marine growth and installation procedure for the PVC pile wrap to be
- used,
‘j Equipment Requirements: High-pressure waterblaster, hydraulic grinder
5 with Barnacle Buster attachment, high-pressure pump for waterblaster,
“ hydraulic power unit, special fastener tools for pile wrapping (depen-
] dent on manufacturer), float stage or work platform.
;;- Productivity of Crew: 3 hours per pile.
- Materials:
{ Polyvinyl Chloride Pile Wrap Unit
:: Commercially available PVC pile wraps are available in many prefab-
3 ricated sizes to fit various pile sizes and lengths. Some have separate
o units for splash zone and underwater use, while others are a single
. unit. Manufacturers' literature should be consulted before ordering.
y Foam Seals, Straps, and Special Fittings
\
-i Each pile wrap manufacturer has particular foam seals, fasteners,
] : and special fittings. Manufacturers' 1literature should be consulted
o before ordering.
: Potential Problems: Projections or sharp edges on the pile may puncture
o or tear the pile wrap, so care should be taken to remove such problems.
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;E: Table 2-33 - Planning and Estimating Data for Steel
\4 Pile Maintenance Using Coating (Ref. 3).
"
\
..'\
“: Description of Task: Coat a steel pipe pile with underwater protective
N coating from | foot above the high water line to 2 feet below the low
4 water line., Total length to be coated is 10 to 20 feet.
‘i Size of Crew: 2 divers, | laborer.
o
y: Special Training Requirements: Familiarity with procedures for removal
- of marine growth and application techniques for underwater protective
o coatings,
f:_ Equipment Requirements: High-pressure waterblaster, hydraulic grinder
:i with Barnacle Buster attachment, high-pressure pump for waterblaster,
L hydraulic power wunit, protective clothing and gloves for personnel
. handling coatings, float stage or work platform.
¥
1 @ Productivity of Crew: 4 hours per pile.
Materials:
Epoxy-Polyamide Underwater Coating
Hand-applied underwater protective coatings are usually purchased
in two-component kits., A l-gallon kit might include | gallon of each
. component, resulting in a 2-gallon coverage rate or yield. Coating
X coverage is measured in square feet per gallon of mixed material. The
; required coating quantity is obtained by taking the square footage to be
2 covered and dividing by the square foot per gallon coverage rate.
A Potential Problems: 1If water temperature is less than 60°F, proper
Ko bonding may not occur. Successful application requires a neutral or
;j positive charge on the structure; negatively charged steel repels the
‘:. negatively charged epoxy coating. Underwater application may be diffi-
~ cult. Prior to ordering the coating, a sample area of the surface to be
i~ coated should be tested under conditions identical to those in which the
: project will be carried out to be sure that the coating will adhere
m; properly, Skin irritation may occur if individual 1is sensitive to the
A epoxy material,
"
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Table 2-34 - Planning and Estimating Data for Steel
Pile Maintenance Using Cathodic Protection (Ref. 3)

Description of Task: Install a sacrificial anode on a steel pile below

low water line. A 40-pound anode is attached to the pile with a welded
connection.

Size of Crew: 2 divers, | laborer,.

Special Training Requirements: Familiarity with removal of marine
growth, undervater lifting procedures, and light underwater welding.

Equipment Requirements: High-pressure waterblaster, hydraulic grinder
with Barnacle Buster attachment, high-pressure pump for waterblaster,
hydraulic power unit, welding machine with leads, welding torch, 1lift
bags/rigging gear, float stage or work platform.

Productivity of Crew: 1/2 hour per anode,

Materials:
Anodes

A sacrificial anode should be placed on each pile to be protected
for maximum protection. Wire leads can be run to diagonal or horizontal

bracing members between pilles and bonded in place for further protec-
tion.
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2.5.2.1.7 cCathodic Protection

o
W
v
a

Cathodic protection may be achieved by sacrificial anodes,
impressed current or a combination of the two methods.
Sacrificial anode systems are those most frequently usged.
Impressed current systems have shown poor reliability in hostile

environment.

Table 2-34 provides planning and estimating data for piles
using cathodic protection.3

2.5.2.2 Concrete Piles (Existing Concepts)

As with steel piles, concrete pile repair can be categorized
into specific groups: concrete encasement, epoxy
patching/injection, replacement, wrapping and cathodic
protection.
2.5.2.2.1 Concrete Encasement

Concrete encasement is a common repair, like steel, when the
material has semi-deteriorated. Both flexible and rigid forms
are used extensively. Their function is essentially the same as

with steel in Section 2.5.2.1.1

Table 2-35 provides planning and estimating data for repair

of concrete piles using concrete encasement .3
2.5.2.2.2 Epoxy Patching/Injection

The amine-cured epoxies are used extensively for concrete

structures. In many cases, epoxy patching 's used in localized :
area of spalling (Fig. 2-%1,. A~ hand lay:p ~f epoxy coating ‘
2-106
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::

ff reinforced with glass cloth provides an exceptionally heavy
:i coating for immersion services.4

o

:_ Epoxy may also be injected into cracks by using a low
=$ viscosity epoxy grout under pressure (Fig. 2-52), Holes are
:} drilled into the area to be grouted so that pump injected epoxy
i extends to the base of the crack. The drilled holes or ports are
t plugged so that the epoxy will not filter out. For deeper,
.S longer cracks, an epoxy seal or dam is used to contain the epoxy
:¥ within the crack.

}§

N The use of epoxy in either case warrants a thoroughly clean
;E working surface. The epoxy compound should be limited to no
E& greater than 3/4 of an inch in thickness. This is due to the
:: different expansion rates from temperature changes.

o

Planning and estimating data for repair of concrete piles
-i using epoxy patching are provided in Table 2-36 and using epoxy
- injection in Table 2-37.3

- 2.5.2.2.3 Replacement

1§2 Concrete piles may need to be replaced rather than repaired.
®) In this case, a technique for concrete pile replacement is the
- same as steel pile replacement.

b~

o

= 2.5.2.2.4 Wrapping

N

L J

j; Piles wrapped with polyvinyl chloride (PVC) sheet are more
,$§ resistant to abrasion and pitting by chemical action because
S . . ) .

b there is no direct action by seawater on the pile. Table 2-38

provides planning and estimating data for repair of concrete

piles using wrapplings.
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. 2.5.2.2.5 Corrosion Protection
o
> Concrete surface can be treated chemically to densify and
" harden the exterior (fluoride treatments on sodium silicate
Y
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Table 2-35 - Planning and Estimating Data for Concrete
Pile Repair Using Concrete Encasement (Ref. 3).

Description of Task: Repair a deteriorated concrete pile by installing
a concrete encasement from | foot above the high water line to 2 feet
below the mud line. The total length of encasement is 20 to 30 feet.
Reinforcement of the pile 1s not required.

Size of Crew: 2 divers, 2 laborers.

Special Training Requirements: Familiarity with the type of jacket to
be used for the concrete form, concrete pump operation, jetting or air
lifting procedures, and removal of marine growth.

Equipment Requirements: High-pressure waterblaster, hydraulic grinder
with Barnacle Buster attachment, hydraulic power unit, concrete pump
with adequate hose, concrete mixer (if ready-mix concrete is not avail-

able), jetting pump and hose, rigging equipment, float stage, scaffold-
ing.

Productivity of Crew: 6 hours per pile repair.

Materials:

Form Material

Either flexible or rigid forms may be used. When using proprietary
forms, follow manufacturers' recommendations regarding lengths and diam-
eter of forms, top and bottom closures, spacers, bands, straps, and spe-
cial fitrings, Forms are ordered prefabricated in the required length
and diameter. For flexible forms, allowance on the length must be made
for extra fabric that may be required around blocking at the top and
bottom of the jacket. Some proprietary systems require that different
types of forms be used in the tidal and submerged zones.

SEacers

A conservative estimate of the number of spacers must be made. In
calm water and with vertical piles, relatively few spacers will be
required. Rough water and batter piles will require more spacers.

Wire Mesh Reinforcing

Usually 6x6-10/10 welded wire fabric 1s adequate. Calculate the
width of wire fabric required based cn its circumference, taking into
consideration the thickness of the spacers between the pile and rein-
forcing and allowing a 9-inch overlap cf tne ends.

continued
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Concrete

To deterwine the aomount of conlvete required to tie
conservative. When using flexible lackets dallow for uction ot
crete volume due to loss of water through the permeable fa
zment >f the jacket caused by stretching, and waste. Usuail
of 1C% extra concrete over the theoretically calculate
sufficient.

c, enlarge-
dllowanue

quantiry 1is

o o
~
-

Form Reinforcing Straps and Special Fittings

Rigid forms usually require reinforcing straps. The spacing and
number required depend on the type of form and the hydrostatic pressure
of the concrete f11l, Some types of reinforcing straps are reusable, but
an allowance should be made for a loss of between 10 and 20X of the
straps each time they are used., In addition to reinforcing straps,
closure forms, blocking hangers, inlet valves, and clamps will be

required, the number and type depending on the forming system being
used.

Potential Problems: Potential ripping of fabric forms requires famil-
iarity with repalr procedures and the availability of repair equipment.
Potential unzipping or unlocking of form seams requires familiarity with
banding or strapping procedures with form partially full of concrete,

E . g S T P
AR S N &
YOLERS e Wl e,

AT AR LS )
LSO




P

::: Table 2-36 - Planning and Estimating Data for Concrete
o Pile Repair Using Epoxy Patching (Ref. 3).

N -

\.‘

: Description of Task: Repair a deteriorated concrete pile by patching
~ with hand-applied epoxy. Unit area to be repaired is | ft?® underwater,

- S{ze of Crew: 2 divers, | laborer.

L]

N Special Training Requirements: Familiarity with procedures for removal
~ of marine growth and application of epoxy patching compounds underwater.
A

: Equipment Requirements: High-pressure waterblaster, hydraulic grinder
‘ N with Barnacle Buster attachment, high-pressure pump for waterblaster,
. hydraulic power unit, protective clothing for personnel handling the
> - epoxy patching compound, float stage or work platform.

; Productivity of Crew: 15 min/ft? underwater.

4

N Materials:

- Epoxy Patching Compound

,:f Epoxy patching compounds are usually purchased in two-component
~ kits, with an aggregate additive. A l-gallon kit might include ! gallon
:'_. of each component plus aggregate, resulting in more than a 2-gallon

( yield. Patching coverage is measured in square feet per gallon. The
required patching yield is obtained by taking the square footage to be
- covered and dividing by the square foot per gallon coverage rate.

N Potential Problems: 1f water temperature 1is ‘less than 60°F, proper
o adhesion to the pile may not occur, Skin {irritation may occur if
Pt individual is sensitive to the epoxy material.
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Table 2-37 - Planr:ng and Eot nan . oo oy

EQ Pile Repair Us:ng Lpoux, Inject.on et
'\

:;- Description of Task: Repair a 6-inch-deep crack in a conrrete pile
- injecting low-viscosity neat epoxy grout inito the cracn. Total lengtr
.j- of ¢crack to be repaired is 10 feet.

.[~ Size of Crew: 2 divers, | laborer.

o

w: Special Training Requirements: Familiarity with procedures fur removal
:x of marine growth, the use of epoxy grout pump, and the use of injectable

L epoxy.

: Equipment Requirements: High-pressure waterblaster, hydraulic grinder
«“ with Barnacle Buster attachment, hydraulic drill with bits, high-
j pressure pump for waterblaster, hydraulic power unit, protective cloth-

X ing for personnel handling the epoxy compound, epoxy pump, float stage
A or work platform.

D)

Productivity of Crew: 10 min/linear ft of crack.

,‘.

[+

N Materials:

b —_—

2 Low-Viscosity Epoxy Grout
A\

Commercially available injectable epoxy grouts are usually pur-
chased in two-component kits., Mixing proportions will vary, so menufac-
turers' 1instructions should be followed. The volume of the crack must
be estimated by taking its length, average width, and average depth. An
additional 25% should be added to allow for overfilling of the cracks
and inaccuracies in estimating the size of the cracks.

s
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Poterntial Problems: If water temperature is less than 60°F, proper
adhesion to the pile may not occur. Skin irritation may occur {if
individual i{s sensitive to the epoxy material.
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Table 2-38 - Planning and Estimating Data for Concrete
: Pile Maintenance Using Wrapping (Ref. 3).

-

Description of Task: Wrap a concrete pile with commercially available
. polyvinyl chloride (PVC) wrapping sheets from | foot above the high

: vater line to 2 feet below the low water line. Total length to be
(- wrapped is 10 to 20 feet.

Size of Crew: 2 divers, | laborer.

Special Training Requirements: Familiarity with procedures for removal

of marine growth and with installation procedure for the PVC pile wrap
to be used.

Eq ipment Requirements: High-pressure waterblaster, hydraulic grinder
with Barnacle Buster attachment, high-pressure pump for waterblaster,
hydraulic power unit, special fastener tools for pile wrapping (depen-
dent on manufacturer), float stage or work platform.

Productivity of Crew: 3 hours per pile.

; Materials:

Polyvinyl Chloride Pile Wrap Unit

Commercially available PVC pile wraps are available in many prefab-
ricated sizes to fit various pile sizes and lengths, Some have separate
units for splash zone and underwater use, while others are a single t
unit. Manufacturers' literature should be consulted before ordering.

Strap and Special Fittings

Each pile wrap manufacturer has particular fasteners and special
fittings. Manufacturers' literature should be consulted before ordering.

Potential Problems: Projections or sharp edges on the pile may puncture
or tear the pile wrap, so care should be taken to remove such problems.

L CL L s
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most o compatible with concrete as J:1sCussed in the eposy el ;
section.
L]
~ . o eb i g . ‘ o
~ Re.~fcrcing steel shou.d alsu be prcrected from courrosion,
n? )
or crack:7g and disintegration of the concrete wi.l wccur as rhe
corrosicen products expand. Rebar should be coated with an epoxy
_ or zinc-r.ch paint before casting.
<
Cathodic protection of rebar can be applied 1f the metal
structure s CoONtinuous. This means that all rebars must be
. 1o1ned in some fashiocn.
N
~
~ . . - .
~ 2.5.2.3 Timber Piles (Existing Concepts)
i; There are several methods for the repair of timber pilles:
k: concrete encasement, partial replacement, complete replacement.
.._‘
2.5.2.3.1 Concrete Encasement
O As w.'n usteel plles, timber piles may also be encased with
. concrete., This method restores damaged timber pilles to almost
r:g3inal strength,
7,
" Flex.oir and rigid form types are used in the same manner as
o w.'h stee.. This technique helps protect the piles from abras.cn
>, L . .
4as we .. a marine borers. Table 2-39 provides plann:ng and
:} e5% .mating dara for repair of timber pilles using councretse
‘.: }
-, enCaseTen
4'\ )
"
) oo .
° 2.9.2.3.2 Parti1al Replacement
W
o
o : : , .
n T (e ceeveral o rertheods devise s which o inwveaive Dectl onhd.
N
jﬁ Do lagomo Y Coiamaged Lo, Theoe pethod s incltude post g and
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‘S tish plating. A problem that occurs with partial replacement is
'G the general attack of marine borers to cut timber. Lt 1s
1ﬁ suggested that PVC Wrap and/or creosote be used. Planning and

estimating data for repair of timber piles by posting to the mud
line are provided in Table 2-40 and by fish plating to below the
-« low water line in Table 2-41.3

, 2.5.2.3.3 Posting Techniques

N
I.J
:{ The two popular posting techniques used are the drift pin
'5 (Figure 2-53) and the pipe sleeve (Figure 2-54) method. The
! drift pin method excavates the soll around the driver section of
. pile where in the pile is cut below the mud line. The damaged
- section 1s removed and replaced with a new section. This section
’ is attached to the sound timber pile with galvanized drift pins
y and the pile cap with shims and galvanized bolts.
The pipe sleeve method is the same as the drift pin except
that rather than using drift pins, a bottom joint is created
( using a pipe sleeve. Boat spikes are used to hold the sleeve in
5 place. At the decking, the new pile is shimmed tight against the
o
:{ pile cap and secured with drift pins.
e
e 2.5.2.3.4 Fish Plating Technique
2P
- - Figure 2-55 1llustrates the fish plating technique.3 This
- method uses small timber sheets to be used as splices for
4 connections between new and old timber members. Structural bolts
L .
N are used to connect the new member at the pile butt and at the
g: pile cap.
i
D)
: 2.5.2.3.5 Complete Replacement
: Piles that are severely deteriorated may be more
I-'. -
O economical'!ly replaced rather than repaired. Replacement
~ technigques are the same as steel pile replacement.,
N
:': L
o
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Table 2-39 - Planning and Estimating Data tor Tit

Timbes
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Pile-Repair Using Concrete Encasement (Ref. 3)

y *
5

P

s N Ay

Cescription of Task: Repair a deteriorated timber pile by installing a
concrete encasement from | foot above the high water line to 2 feet
below the mud line. The total length of encasement is 20 to 30 feet.
Reinforcement of the pile is not required.

¢

LR,
LY

~t

[}
>
':u: Size of Crew: 2 divers, 2 laborers.
N
-
K o Special Training Requirements: Familiarity with the type of jacket to
=, be used for the concrete form, concrete pump operation, jetting or air
. lifeing procedures, and removal of marine growth.
:i: Equisment Requirements: High-pressure waterblaster, hydraulic grinder
N with Barnacle Buster attachment, hydraulic power unit, concrete pump
= with adequate hose, concrete mixer (if ready-mix concrete is not avail-
~e able), jetting pump and hose, rigging equipment, float stage, scaffold-
® ing.
L;:' Productivity of Crew: 6 hours per pile repair.
-
:}: Materlals:
{ ) Form Material
>
-i% Either flexible or rigid forms may be used. When using proprietary
“;{ forms, follow manufacturers' recommendations regarding lengths and diam-
NN eter of forms, top and bottom closures, spacers, bands, straps and spe-
:f: cial fittings. Forms are ordered prefabricated in the required length
v:) and diameter. For flexible forms, allowance on the length must be made
A for extra fabric that may be required around blocking at the top and
ol bottoz of the jacket. Some proprietary systems require that different
J:J types of forms be used in the tidal and submerged zones,
o
l\ s
-2 S~acers
b —
’!, A conservative estimate of the number of spacers must be made. In
' ;“: calm water and with vertical piles, relatively few spacers will be
v':' required. Rough water and batter piles will require more spacers.
) :\.'
o continued
v ﬁ’
%
N
O !
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e
"
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Wire Mesh Reinforcing

Usually 6x6-10/10 welded wire fabric 1is adequate. Calculate the
width of wire fabric required based on its circumference, taking into
consideration the thickness of the spacers between the pile and rein-
. forcing and allowing a 9-inch overlap of the ends.

Concrete

To determine the amount of concrete required to fill the fo.m, be
conservative, When using flexible jackets allow for reduction of con-
crete volume due to loss of water through the permeable fabric, enlarge-
ment of the jacket caused by stretching, and waste. Usually an allowance

of 10X extra concrete over the theoretically calculated quantity 1is
sufficient.

aa a2 s o Kind

Form Reinforcing Straps and Special Fittings

Rigid forms usually require reinforcing straps. The spacing and
nunber required depend on the type of form and the hydrostatic pressure
of the concrete £ill. Some types of reinforcing straps are reusable, but
an allowance should be made for a loss of between 10 and 20% of the
straps each time they are used. In addition to reinforcing straps,
: closure forms, blocking hangers, inlet velves, and clamps will be
required, the number and type depending on the forming system being
used.

PR T I |

Potential Problems: Potential ripping of fabric forms requires famil-

iarity with repalr procedures and the availability of repair equipment,
{ Potential unzipping or unlocking of form seams requires familiarity with
banding or strapping procedures with form partially full of concrete,
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Table 2-40 - Planning an

Jd Estimat:ing Data Icr Tiibe:
Pine Repair Using Part:al Replacement to Mud Line !(xofb
3)

—

Description of Task: Repair a severely cetericrared tlmber pile v
pesting to the mud line with a new pile butt connected with a pipe
sleeve at the base of the replacement section. Total length of repair

is 20 to 30 feet., Pile i{s located near the edge of the structure.

Size of Crew: 2 divers, 2 laborers.

Special Training Requirements: Familiarity with underwater cutting
techniques, procedures for removal of marine growth, jetting or air

lifting procedures, underwater lifting procedures, and drilling proce-
dures.,

Equipment Requirements: High-pressure waterblaster, hydraulic grinder

with Barnacle Buster attachment, hydraulic drill with bits, hydraulic
power unlt, air lift or jetting pump and hose, rigging equipment, c. ne
or lifting equipment, float stage, oxy-acetylene torch equipment, clacp-
ing template for cutting piles, and hydraulic chain saw.

Productivity of Crew: 10 hours per pile.

Materials:

Replacement Pile Section

The replacement pile section should be long envugh to span the zea-
sured distance between the bottom cut and the top cut cn the daldges
pile. If replacement is to be performed to the bottom of tie carcre
deck, allcwance must be made for '"swinging' rcom {n bringing tihe pi
unler the deck and a shim installed to fiil the gap.

Pipe Sleeve

The plpe sleeve is required to provide a moment rtesisting connec
tion at the base of the repair, Tre diducter of the pipe slveve must be
vfficiently large to accept both the existing pipe and the replacezen:
ezticn, The minimuan length of the pipe sleeve should be 3 feet.

Connection Hardware

Cennection hardware will depend on tie details of the repal

or .osses due to dropping.

Dromn-odal Problems: All load wmust be veroved from the existing plie
bet.re it 15 cut to avoid Jamsing the woa. dreosote will vtuin a wet
iroand may cause oxin ircitation.
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bl Table 2-41 - Planning and Estimating Data for Timber
AR : . o .

::!\ Plle-Repalr Using Partial Replacement to Below Low
Tl Water Line (Ref. 3)

T
SO Description of Task: Repair a severely deteriorated timber pile by
;xix posting to 2 feet below the low water line with a new pile butt con-
e nected by a fish plate splice at the base of the replacement section.
T Total length of repair is 10 to 20 feet.
ey
R
\ Size of Crew: 2 divers, 2 laborers.

?i;i- Special Training Requirements: Familiarity with underwater cutting
:::: techniques, procedures for removal of marine growth, underwater lifting
o~ procedures, and drilling procedures.

i Equipment Requirements: High-pressure waterblaster, hydraulic grinder
- with Barnacle Buster attachment, hydraulic drill with bits, hydraulic
5;3: power unit, rigging gear, crane or lifting equipment, float stage, oxy-
;-{‘ acetylene torch equipment, clamping template for cutting piles, and
o hydraulic chain saw.

?{2 Productivity of Crew: 8 hours per pile.

L
T Materials:

AP
N Replacement Pile Section
L The replacement pile section should be long enough to span the
, measured distance between the bottom cut and the top cut on the damage
AR pile. If replacement is to be performed to the bottom of the concrete
Co deck, allowance must be made for "swinging' room in bringing the pile
D under the deck and a shim installed to fill the gap.

T
Bt Connection Hardware
A Connection hardware will depend on the details of the repair. The
?tﬁ attachment to the pile cap should include a minimum of two bolts. The
;q7 fish plate splice should include a minimum of two bolts through each

:i::t side of the splice, for a total of four bolts. Bolts should be ordered

’3?:' slightly longer than calculated to allow for oversized piles. Allow for
° ) losses due to dropping.

s Fish Plate
xi The fish plates are used in pairs, one on each side of the repair,
) and are made of 4- by 10-inch treated timber. The minimum length of
o each fish plate is about 3 feet.

;::j Potential Problems: If the connection is weak in resisting moments, the

;'ﬁ;' connection should be made so that it is strongest in the direction of

o the side loading. All load must "%e removed from the existing pile

::\} before 1t 1is cut to avoild jamming the saw. Creosote will ruin a wet

D suit and may cause skin irritation.
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R 2.5.2.3.6 Wrapping
N\ Polvyvinyl chleride (PVC) sheets are a widely used technique
1 . . . . .
s tor the protection of timber pilles. This heips to prevent
o
{} further marine borering and to destroy already existing borers
3% wlthin tne pile. There are two commonly used PVC systems: two
SN unit wrap (Figure 2-56) and single unit wrap (Figure 2-57).
v
i --- e
'iﬁ The two-unit pile wrap system, uses an upper intertidal unit
i; starting at least 1 foot above mean high water and extending to
- at least 3 feet below mean low water. The lower unsealed unit
T
- overlaps the 1intertidal unit and extends to below the mud line.
- Polyurethane foam seals are used at each end of the intertidal
e unit to ensure air and water tightness.
+
¥ -'.';
o The single-unit method uses a single jacket that extends the
ko .
e full length of the section of the pile to be protected.
" p P
o 2.5.2.4 New Conceptual Designs for Piling
N The following design 1s conceptual and merits further
o _
e evaluation.
\._'
[ -:."-
: 2.5.2.4.1 Shoring Pile
,:ﬁ A snoring pile (Figure 2-58) would be used as a partial
1S . . .
K replacement. The damaged section of pile 1s cut out where:n a
). * . . -
e pile conrector 1s fitted, or an assembly i1s used to incorporate
};f steel bearing plates. A internal screw 1s wound upward by use cf
’. 4 . . :
X " a pile wrench which makes contact with a shim and pile cap. 8y
:“g tighten:ng the screw, the shoring pile begins to carry the axial
Y load $from »he decking.
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;3 2.5.3 PIER AND WHARF DECKING (EXISTING CONCEPTS)

. -

fj This section discusses possible solutions for pier damage,
’ specifically the decking. The following is a general description
f: of expedient repairs developed in Reference 9, which include:
o steel beam concept, erector set concept, steel beam mat concept,
55 steel beam and timber deck concept, steel beam and steel bar
: grate concept. Reference 9 should be consulted for detailed
‘ﬁ% information and calculations.

N 2.5.3.1 Steel Plate Concept

- When examining expedient repair for decking, simplicity and
%; ease of installation should be observed. Steel plates are a
'i; means to cover a damaged area of a pier quickly and easily.
'".' Reference 9 states that 10 Kip steel plates can be selected from
?: a stack, loaded onto a truck, unloaded and placed in 1.5 hr.
‘fj Depending on the size of the crater, plate size may vary. This
‘iﬁ mainly depends upon the loads that the plate is subject to.

-

5 Fiqure 2-59 shows the use of steel plates that are 8'x10'x2"
- to cover damage.? Steel plates may be maneuvered into place by
,:\ vehicles rather than cranes. To hold the plates in place, a
1 .'-
i) system of bolts may be used or welded slabs of metal
NS perpendicular to the plate to constrain lateral movement. Figure
.
o~ 2-60 i1llustrates moment capacity of steel plates of various
o
s strengths.
o
L ] , . . .
o For design and comparison calculations, see Appendix D of
N Reference 9.
~'\
-t
:_\
N
b 2.5.3.2 Erector Set Concept
@.
LT
b Anothe~- type of method which integrates the use ot wide
- flange beams and l-inch steel plates bolted to both flanges
"‘ AR R
e
'
o
b
B ;:
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(Figure 2-61). This creates a larger moment carrying capacity.
Designs are developed for two types of repailr modules. Type A
modules are similar to the cross section in Figure 2-62 (Ref.
10). Type B modules are Type A modules without the bottom plate.
Type A or Type B modules are installed as shown in Figure 2-63
(Ref. 10). A total of 50 to 100 manhours and 24 scheduled hours
are consumed for a complex repair.

2.5.3.3 Steel Beam Mat Concept

The concept of the steel beam mat illustrated in Figure 2-
64, is to lay wide flange steel beams side by side to be used as
a bridge. According to Reference 9, the flanges of the beams
will be 1 foot wide and would only be sufficiently bolted
together enough to prevent lateral movement. The scheduled time
and manhours are one-third those of the erector set concept. For

detailed design and comparison calculations, see Appendix D of
Reference 9.

2.5.3.4 Steel Beam and Timber Concept

Figures 2-65 and 2-66 illustrate two possible designs for
timber and steel repair concepts (Ref. 10). This type of system
shows great 1interest due to ease of access to materials.
Disadvantages to the first method are that the edges of the

crater have to be cleaned, slingers must be attached to the

underside of the deck, and pre-assembly is not possible. Method
2 is more feasible in respect that the beams are laid on the deck
and pre-assembly is possible. Calculations and designs are shown

1n Appendix D of Reference 9.
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2.5.3.5 Steel Beam and Steel Bar Grate Concept

In replacement of timber decks 1s steel bar grate.

NSS!

Interlocking—grating is a possible choice due to its high

strength and durability. The disadvantage is that bar grate has

a
o

only one way structural resistance, and composite action cannot

be developed between the bar grate and supporting beams. Design

RO TS ]

and comparison calculations are found in Appendix D of Reference
9.

XXMM

o
-
.

"I.)

ah S
s

v
o s 1' v-

& 5

R " *
SESS
-(I-H-‘l‘...'lll 4

S ey

[

7,4

~ LS e

¢

v

SASLLL S
A AN S

2-127

L ®

-

LA

- e W WY 1'(
N ‘w“f‘ Tf N

TR

WS
1.

- " “«, T, A N N WL AP R P R R I I
‘¢‘ ‘J‘a 2 a e‘:**“f\¢ ¢ e . NI

®




;

1

.

N

'

‘s

b

-

N .
o
~

‘ [ren

- 3]

. x
ko
2

4 >

: [oF]
=

. v

." k]

’ o}
—

. & "

- G ot

- N

- !

. _ -

4
~

N o]

D, -

N &

- & S

0 5 9

wSw

( QT Quy

E.‘Wg .
~uag

b U.Es;

4 9 v «

L,

)

{

,

L)

E)

)

q

R, ¢ Iy vy

X

.

"

o

u

(]

\

"

H

L "V " ""'."'\."&"'-"4.". " "’ "s"‘\" A e S B L O T "-"’\'s NS "\" Sy .r" \ t. " \." e ;




T 212

2

1-172
PLATE THICKNESS, IN.

o
|
\ !
)
¥ o
8 - 8
8 & 8 3§ 8 |§ & &8 ¢
H1OIM JAI11D344] .8 DNINSSY
SdIN-14 NI ALIDVSYI ININON
.. .. » - . e %y " - PR T Ry S s AN Vet e e Ty Ty LR L L
‘.r\.....r\ﬁ KT n.\J\.\J\.n K \\..V,..M.w,\. 5 ....\.\.\M U 1% 4_\............. _ OO0 /\/ R .r\.x

Moment Capacity of Steel Plates of Various

Strengths (Effective Width Equals 38 ft.)

Figure 2-60

-nhll‘lﬂlu L
waes ON

10).

(Ref.
s

2-129

-
“»

RSP S R T N
ROL SN OGS

AN

et
"o

h
Y

NSO @ R, @2
Al 4 .S



o . > - W olinfh edh Balh ol Ball Sad Ned ol Aol ool ud Sodk inlh S8 anb Bad v‘
-

—-.
PICIPR
.
L]

ne 8 0 e gﬁ .

SENEN

~
» ‘.'n',-
LS T

1
.
.

~
y 4

1

»
.

L%

POSS!SLE STIFFENER

0y

~

4l

s O

O

"r Figure 2-61 - Isometric View of Type A Module (Ref. 10)
o
vs

! 2-130

Y
<

4

L X
NS
£aay
- '..
‘e
e

LA C o«
. T e O N T
- At AT . T w -

- . --l - '-Q .h
Lo o

PN NI
LS . ]
A:-&_‘-»A-.AA*.AM’»JJA.A.MM‘

. \..h...\‘ »‘. ."-- “-‘..n .-I '.~ '.h>‘.. ‘.l.
J -I " .l LY - -. - ‘-h * . .J _‘h A
T T G N T VA AV L VLA DA A 4



PLE S I s 2B P

B i d

e
¥
A4
.
4
>

W

15 25PA @27« 84" BEAM SPACING re”

([ e

|
|
|
|
l
l
I
cnrercprocm crrecomsen- r— tevess memamemmicm afe v an
I
I

20°0R 40" TOTAL LENGTH

®OSSIBLE STIFFENER SPACING @ X227

PLAN VIEW
| 8574 @ 1696 |
| | CONTINUOUS MOMINT-AESISTING BEAMS y l
1 13- 1 ¥ ol

73 = T 1"x08”
I ] " Wi2x 68
€ 17 x 68"

MAY BE ADDED NEAR
SUPPORTS FOR EXTRA
SHEAR RESISTANCE

16-14 7

CROSS SECTION

Figure 2-62 - Plan and Cross Section, Type A Repair
Module (Ref. 10).

A g e e e L L L L
o . B v . o & A ) Nl N v - v ' ~ ' L




i

Y - - - ""» LA

LA Sl Al -]

'v

{017 °324) SaInpowW
1teday 103 SPOYIOW UOTIRT[PISUI 33PUIIITY - €£€9-¢ dinbrig

stnpom 1jwdax Sujsn 1jedesa yenyy °q

FONIYVY3R

a3yIND3Y SY
SYINIIIILS

NOILD3IS M J

%030 HN0D: e 31N00N HIV4IY o
- —— RN u el
—
t
o~
TVvIIdAL
T ONINYIE 3INCOM 31YOONmOI0Y
01 X230 ANI MV'S
?3vwep 19402 03 RO9p jJo doj uo pjvy sInpom ajedey °®
PR S S N R 0y
JINQOM HIV4IY
IVIHILYN QIOVATYS
NOY 4 I0VIN WYY
) SRR ~ S A R s e eI N RN BT I e G AT R o )
) .-.,....c.. o M w....:x ol s SN @Y s e L@ L e,

s S - - -



Ty v wr eyt
g Boll Jdk B0 00 Ak aet s v W oy _-T

a L L

3 Rl

L . [
[ 7 = ]
‘ L : S |
L 2277 \\ 1
—\ 1
‘ L \ = 1
: ] iy —
—/— ]
( il

. \-:ﬂ-:‘\$-w—/’_“~¢}‘5—
{ > a

P

WHEEL LOAD SHARED BY TWO 8EAMS

TIITITITIIL

SECTION A-A

Figure 2-64 - Steel Beam Mat Concept Repair (Ref. 10).
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;i: 2.5.3.6 New Concepts

- -

"t The following designs are conceptual and merit further

? . evaluation. The two types examined are used in other tields of

S; structural design but may be used for waterfront repair.

?j 2.5.3.7 King Post Truss

-

.it The king post truss assembly (Figqure 2-67) is a technique -

:;ﬁ used to add strength to a weakened floor or deck. The beam truss

f$: Or king post truss adds support by the tightening of the threaded )

l rods. This creates an opposite reaction force to the load which

,S: ls transferred to a plate that acts over a larger area. By
EZ pushing upward on the lessened capacity decking, strength is
iﬁ returned to support the loads.

“:{ 2.5.3.8 1Isolation Bearing

-

jﬁ This type of bearing is mainly used in areas of seismic
) activity. The possibility of use could be with the pile,/pilecap

:;j interface. Figure 2-68 illustrates an isolation bearing.

:? The bearing 1s a rectangular block of material, ozone-

c5 resistant rubber with cylindrical cores of pure lead. To provide
qg vertical stiffness to the bearing from inhibiting side bulging,

:Ef' clrsely spaced horizontal sheet steel laminaticns (shims) are

:ﬁ; bonded to the rubber during fabrication.

.;.

';f Under small lateral loads and movements, the lead provides
:; most of rhe lateral stiffness and behaves elastically. However,

:{Z under sufficiently large loads the lead yields, and the bearing's

’;f lateral stiffness is then provided by the rurber alone.
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MiniROVER MKII the modular LC ROV System
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Tne MiniRCVER MK s @ moguish. rugn
pertormanca upgracad version of the
pepular MaAROVER MK itis designed
$peCHCaily 10f the heavy Guty needs cf
commercial agnd m..tary users. The MK nas
grectier thiust, speed ana cepin
ccpebintias than the MKL yet shares cem-
giele commanglity of components and
spare parts with the oniginal MinikCVeER The
MKl can be purchased separateiy Gs Q
sysitem of the standard M1 can be vpgraa-
ed 10 Mkl specifications Qt @ modest cus!

SYSTEM DESCRIPTION

The MKl s egupped stancard with a tilting,
Iow-.ght ieve! nigh resolution. cower TV
camera AlgierQl thruster compiments the
vert.cal and high power honzontal thrusters
Tha 497 1ack-mount power Conscie with
trars.t cose and Q ruggedued hand con-
Cuor QisO come as stanaard equipment.
User tenciy vicoographics are an ex-
clusiva MK feSiura High occuracy digial
cepn cnd heading. dale and tima, as wall
as ¢rher usar 16Guired doto are displayed

on the pilots TV moniter. Mogular consiruc:
t.on aiiows the user 1o reconfigure the system
10 best suil the 1ask ot hand

A vaniety of standard options are
avaiiable off-the-shelf. The vehicle is
equipped with spare UW. connectors and
has additional ACIDC power available for
use as required.

Designed for performance and fiexibility
once avaliable only In larger, more expen-
sive ROV systems, the MinlROVER MKl is the
most cost-effective ROV system in the world.

SYSTEM HIGHLIGHTS

LWow puIchase price

Min.mnai cperching costs
and support reguirements

Corrpact ~.ze and light we.ght
Trarsporicoe Gs ivggage
Moc.uiar construchon

10, 60! spares support program
anc citne-sheif denvery of spares

TECHNICAL SPECIFICATIONS

GENERAL OUTLINE

VEHRICLE
Cpergtionat 0 to 500 1. (152 meters)
Cepgth: standard

G to 890 tt. (270

meters) optional
Size wngth 34 in. (8écm) with skids

wicth 18.51In. (47¢cm)
Height 16.5in. (42cm) with §ift
bail
we.ght 7010s £5 (32 kg)

dependent on options
2.5 knts in shill water
(Oual H thruster)
2 9 knts in still water
(Quod H thruster)
Proven operable in
currents up to 1.5 knts
8to121bs (3.61054
kQ) user adjustable
+1ib (45kg) in
seqawalter
Inhetent low center of
gravity in roll and pitch

Forweid Speed.
(optiona!)

Poyiood
Buoyancy
Stability

Mcg ana Accustic
Signctures: Mag +28 gamma RMS
{ref. 1 meter)
Acoustic  +30 cb peak above
amgien! (tef 1 metor/A
micropascal)
SURFACE POWER UNIT
Siie Height §5in (24 cm)
(overail) Width 221n. (55¢cm)
length 26 in. (66 cm)
Weight &1 1ts (27 8 kg)
max. shipweight
RUGGEDIZED HAND COHNIRCLLER
tize Height ¢ 5in (17 cm)

(overail) wWigth 12in (30cm)
length 4in (15cm)
Weight 50 lbs. (228 kQ)
A A N

VIEWING SYSTEM

TV Camera: Low-light, high-
resolution color TV
camera
with 4.8mm/f 1.6 lens
NTSC or PAL avoilabie

Sensitivity: 1 1. candla (10 lux)
color.

.5 ft. candle B/W

Horizontal . .

Resolution: 350 tines typical

SIN Ratio: 446 db typical

lens Viewing Angle: Horizontal 86°, £ 5°

(in water) Vertical 58°, 1 5°
TV Tt 1 55° from center,
speed of 45° per
second
Servoed to operators
control position
Two 150 watt long-life
quartz halogen lamps
with remote On/Off of
control console (250
watts optional)

Lights

PROPULSION

Horlzontal: Two thrusters for FWD, REV, CW.
CCW movements with 11 ibs.
(4.8 k@) min. thrust

Continuous (5Y2 Ibs. (2.5 kg)
thrust each)

Quad Thruster Package pro-
viding 20 ibs of peck thrust con-
tinuous min. .

One thruster mounted In tunnel
under main hull for lateral
left/right movements

3 Ibs. (1.4 k@} of thrust peak

One thruster, centrally iocated.
mounted in tunnel throygh main
hull

3 Ibs. (1.4 kg) of thrust peak with
full screens. : .
All thrustets are proportionally cantrolled In Y
spoeed and direction via joysticks on ’
ruggedized hand control box.

Optional:

Lateral:

Verical:

UMBILICAL CABLE

leng!h 500 #. (152 meters) slandard,
4500 H. (456 melers) max.
3000 #. (912 meters) optional
13 Ibs. per 1000 #. (5.9 kQ per
304 meters)

850 Ibs. (388 kQ) brecking
Outer abrasion jacket of PR
over keviar sirength member,
flexibie +460°C

Cre high qually COAX (75 chms Imp) 14 #26
ANWNG saparatsly insulated conductors. all $00v
ratod. paired and Qrouped as required by user
with tiald repairabie terminations

Weignhl in Water

Strangth
Construchion

SUPPORT REQUIREMENTS

Power: 100/120/208/240 VAC t 40%.
50/60 Hz
4 kw maQx.

Crow: One pllot/technician

One pilot/tender

Generator: 1500 watt min. capactty,
Recommended with 3¥2 hr. min.
fuel copacity typical

Tice-wport.  Two man portable
All components in shipping
cases
Any suitable vehicle or croft
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Cable ond Hang Controller
storage inside bottom cover

VIDEOGRAPHICS DATA DISPLAY
Anglog compass 1cse

Tether cable turms counter

Analog depth bar groph

Dato and ime with battery back-up
Relative aititude cnd depth d.sglay

HAND CONTROLLER FEATURES

HeqQvy-auly cast Qluminum case
Joystick and control Crop protectors
Jser-dsfinealble auxiiliary tunctions
2ual range propulsion controls
temote venicle On/Oft control

25 . extension cable

Pan anc it ccmera (ogtionai)

Oual auxitiary analog inputs (CP,
temperaiure, elc)

front panel controls {caliprahions and resa!’
Video enhancer Amp

Dual video outouts (videa and
videographics)

SIMPLE, BASIC AND RELIABLE.

NAVIGATIONAL AIDS/
Cegcth .

range
Cisplay.
Accuracy
rasciution
ronge
D‘SSIQ']’
Accuracy

resolution

Note Al nongatonal

DATA DISPLAYS

Analog strain gauge
pressure sensof

Oto 890 # (270
meters)

2v2 digit and anclog
bar gragh

+*05%

11 {3 meters)

Flux gate magne'.c
senscr :

C2 1o 359
2dagtaond compass
{3T)

+20% max

22 ypecai

a:ds cnd dota ae

aiplesed cn pilcts TV montor via user
fnengly videogrephics wr.!

DATA DISPLAY

VEHICLE FEATURES

MODULAR OPTIONS

beoulong ife af illod thrgstors
e Lo At or et tether catlle

ArhiculQlor ool packnne
Guad hotizantal thegstor
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VidenQraphic ket
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MiniROVER MKIl

APPLICATIONS.

The MIniROVER has operoted successiully
on diverse commercial, scientific and
military applications worldwida

GENERAL

Under-lce surveys and operations

in situ biological studies and sampling
Diver observation and management
Dam and tunnel inspection

Interior and external pipeline inspection
Inspection of nuclear reactor faclities
Salvage operations

Oftfshore structure surveys

Inspection of sewer and water systems
Police ond rescue squad operations

MILITARY
Portside security sweeps
Sonar dome surveys
Alrborne and shipborne MCM Identification
Damage control and assessment
Ship and sub-hull security
as well as many other applications

Consult tactory with your requirements

WORLD LEADER IN LC ROV TECHNOLOGY

WORLDWIDE SERVICE AND SUPPORT

InUSA: Benthosinc CUSTOM-BUILT ROVs
Edgerton Drive Deep Sea Systems has extensive ROV
North Falmouth, Mass. 02563 engineering experience and the manufac-
USA tuting capacity 1o custom-design and build
Telephone: (617) 540-5500 any special ROV requitements from the
Tolex: 820673 smaliest to the deepest (6000m)—for com-

mercial and military applications. Please
In Europe: MK Services Uid. conlact our sales office with your requests

Units 5 & 6. Collec Depot
Billington Road. Leighton Buzzard
Beds W7 9HH

United Kingdom

Telephone: (44) §25-382333
Telox: 825654

@ AP oy sex svsrems wrmanomas e, ———

P.CO. Box 622, Faimouth, MA 02544 USA Specifications are subject to chonge without
617-540-6732 Telex: 940 380 7490 notification.
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UJi crour LIMITED

HIGH RESOLUTION SCANNING SONAR

AS360 MS5

ROV SYSTEM

ROV System

UDlintroduce a 3rd generation sonar, AS360
MS5 derived from the highly successful AS360
general purpose sonar,

The AS360 MS5 is a mechanically scanned
sonar of high resolution capability specifically
designed for installation on smail remotely
operated unmanned vehicles. With arange of
up to 60 metres the search capability 1s
extended beyond that achieved by television.
At shorter ranges the combination of modern
TV refreshed techniques and wide sonar
bandwidths offer the operator the optimum in
visual presentation in both monochrome and
colour,

Frontal area has been mimmised by the use of
an independent scanning head and scparate
external electronics unit. This ensures low drag
and allows the sonar and electrorics to be
placed in the oplimum positions on thie OV fur
both balance and hydrodynam,

Urdarw et Sraterns
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Utilising state of the art microprocessor
techniques minimises the conductor require-
ment to a screened twisted pair (power
obtained from vehicle) and gives high immunity
to electrical noise, ensuring good operational
reliability over a wide variety of umbilical
configurations and lengths.

UDI Group Ltd.

UDI is part of John Brown Engineers anu
Constructors who are a wholly owned
Subsidiary of Trafalgar House PLC dedicated to
development in the field of Sub-ea Technology.
The Company supplies high resolution sonar
and television to the offshore and military
markets. Engineering activities include the
development and operation of Subsea work
systems such as the Trenching and Cable
Bunal System.

Operalions also include a survey division with
considerable expenence in offshore
positioning, Navigaton and sonar suneys
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SYSTEM DESCRIPTION Interconnecting Cable
10 metre 6 way 15mm O, D poiyurcethane sheathed
Transducer Unit Model No. 2350
A pressure compensated unit housing the transducer Electronics
drive'motor, preamplifier, and ang'e sensor connected tu Lengih 275mm
the electronics unit by a 3 metre fiud filled cable Diameter 88mm
assembly. The transducer array is interchangeable o allow Weightin Awr 2 4Kg
user flexibility (optional transducers available) Weightin Vwater 0.6Kg
Connector Umbiiica! 6 way mase UDI
Electronics Unit ModeiNo. 2352 Transducer 12 way female UDI
The cucuits for control and cperation of the transducer are Matenal Hard ancdised alumiium
mounted in a one atmosphere hard anodised aluminium Depth Rating 750 metres
housing. Integral power supplies enabie system operation Power Suppiy 22-27vsits DC 24VA
from a single 24 volt DC supply. Telemetry RS422 4 92 SKBIT. SEC
Interconnection Cable Model No. 2255 Umbilical Requirements
A 10 metre polyurethane 6 way cable for interconnecting Conductors . 2(screened twisted pair -
the Electronics unit to the Surface Control unit. Used for recommended)
test and service purposes. A 2 metre cabie whip (Model Max acceptable
2255 - 2001 terminated with electronics unit connector Cable loss 40db at (0to 1 6MHZ)
only is supplied for client termination to vehicle umbilical Max Cabie loop
resistance 130 ohms
Control Unit Model No. 2027 Max Cable length
Builtin a standard 13 inch rack chassis - full conltrol of using RG108 1600 metres
scanning functions (sector direction, size, etc ) are
available to the operator. A single gain control (ime and Control Unit
RGC Laws being programmed internally) ensures Ranges 10,20.40,60m
simplicity of setting. Sector Sizes - 15?7 307 607 90?1807 270°
Separate video outputs of high resolution RGB/composite Seclor Position - Adjustable
colour and monochrome allow both to be displayed Gain - Automatic or Manual
simultaneously or recorded on standard video machines Display Modes © ScanorFlyback
) Video O/P (Mono) Composite Video
Self-testing software routines provide early warning of Video O/P (Colour) . R.G B. plus Sync
potential system failure. {composite video)
Unitis provided in a splashproof transit enclosure Power Supply 240/10V ac 200vA (Auto
Selecting;
OPTIONS Temp Operating . 0°Cto+40°C
< o o
See oplions sheet for description of units. w:;h\;torage gggc to+60°C
. Dinensions © 549(W) x 202(H) x 342(D)
Option . Part Number Conslruction 19 inch Rack fitted in
Stand Alone Monochrome Display 2081 splashproof enclosure
13 “ Rack Mount Monochrome Display 2085
Stand Alone Colour Display 2088
Integral Enclosure (Surface Unit and 19 * display) 2089
Multi-target Marking Cursor Controt Unit 2071
Mulli-target Page Store 2027 - 3010
SPECIFICATION
Transducer Unit
Frequency © 700 kHZ '—(fb
Beam Width . Transmit 15° x 50° T T semnangeae
Beam Width : Recewve 15°x 50° b 008 e | ML Teas
Height 137mm ous —
D.ameter 88mm TRANSDUCER
Vveightin Air 23Kg UNIT
e shtin Water 14 Kg ‘ Yt ot g
Material Nylatron JA7 st oty
Degih Rating . 750 metres L (DU
T T
A soec.hicalong and .nfoemation are based an current data atthe .ma ol - ——I{ et [)’); Coomno e
cuboial. SOy Ir rv@ 1n@ . ghlt wnthoul notdicatiun G gchihgat.on
:r < l:;:"r::;-w :"\dbfan:!‘:d:lxq:l :nd séch:cnhon:n cartg! 13&! T *J ELECIRONlC UN”
NG 03 0r0d Lot ML emant DIGgramma
.47 L4y 1387 e -
vdi crour umiten
~ermore Road
B e 8w e fes
Te eunone (C224) 703950 Telex 73361 Fax 8213 JOHNBROWN
s . L S ..--.‘- -~ \-. - “.‘ «aw P
TR .A.’: o . o\ w %. - - : 1
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HIGH RESOLUTION SCANNING SONAR  AS360 MS1A
ROV SYSTEM MODEL 2534

SYSTEM DESCRIPTION interconnecting Cables
Transducar Unit Mode!l No. 2340 3 metre 12 way 14mm O/0 Poiyurethane Sheathed
A mechanically scanned Transducer array manufactured 10 metre 3 way 1imm O/D Polyurethane Sheathed
in UPYC with the motor drive mechanism and pre-amplifier Electronic H .
electronics housed in a one atmosphere ttanium alloy Dlamt;?erlc ousing 76mm
body permitting a depth capability to 1500 metres Height 145mm
Electronic Unit Model No. 2332 Matenal  Ttanium Alloy
The electronics are mounted within a titanium alloy Depth Rating : 1500 melres
housing ensuring the maximum immunity from corrosion Weight in Air . BKg
and allowing a depth capability to 1500 melres. Weight in Water . 25Kg
Transducer Cable Model No. 2254 Communication . Bi-dwectional FSK telemetry hink
A 3 metre polyurethane 12 way cable for interconnecting Umbilical Requirements
the Transducer unit and the Electronics unit. Conductors 2 (Screened Twisted Pair
Interconnection Cable Model No. 2249 Max acceptable preferred)
A 10 metre polyurethane 3 way cable for interconnecting Cable loss ¢ 40db at (0.51016MHz)
the Electronics unit to the Surface Control unit. Used for Max Cable loop
test and service purposes. A 2 metre cable whip (model resistance © 130 ohms
2249 - 2001) terminated with electronics unit connector Max Cable length
only is supplied for clienttermination to vehicle umbiiical. using RG108 © 16Km
Control Unit Model No. 2027 Control Unit
Builtin a standard 19 inch rack chassis - full control of Ranges 10,20, 40, 100m
scanning functions (sector direction, size, etc) are Sector Sizes . 15°30°60790°180°270°
available to the operator. A single gain control (time and Sector Position - Adjustable
RGC laws being programmed internally) ensures Scanning Modes ;. Continuous or Sector
simplicity of setting. Gain . Automaltic or Manual
Separate video outputs of high resolution RGB/composite Display Modes . PPlorSector
colour and monochrome allow both to be displayed Video O/P (Mono) . Composite Video
simultaneously or recorded on standard video machines. Vigeo O/P {Colour) : RGB plus Sync
lf-testi re routi rovi rl roung of (composile video)
ggtert'ﬁlsatl gess:zfrtnw’:iirg.ul nes provide early warning o Video O/P Format . PALoOrNTSC
: ) . Power Supply . 240/110V ac selectable
Unitis provided in a splashprool transit enclosure. 200VA
OPTIONS Temp Operating : 0°C°to +40°Cc
See options sheet lor description of units. \;%Tgh?lorage : Sgggc to+60°C
Option Part Number Dimensions . 549(W) x 202(H) x 342(Djmm
Stand Alone Monochrome Display 2081 Construclion 19 inch Rack fitted in
19” Rack Mount Monochrome Display 2085 splashproof enclosure
Stand Alone Colour Display 2088
Integral Enclosure (Surface Unit and 19” Display) 2089
Multitarget Marking Cursor Control Unit 2071 TRANSDUCER UNIT
Mullitarget Page Store 2027 - 3010
}<—155¢->1
SPECIFICATION 'g
Transducer Unit éﬂgﬂé?gﬁ“ g‘:;&co““‘c"“a
Frequency . 500kHz
Beamwidth : Transmit 1.4° x 27° ) {
Beamwidth . Recewve 3.4”x27°
] Pulse Width : 100us
4;, Angular Scan Rate . 18°/sec, 18°/sec, 12°/sec,
® 7 2°/sec (Range dependant)
b n Height o 155mm
e Ciameter © 155mm p LA
:- VWeightin Air . 5.15Kg f——— f
0y Weightin Water . 29Kg
. tAatenal (Body) o Titanwum Alloy
I Matenal (Transducer) . UPVC ELECTRONIC UNIT 145
‘ Depth Rating © 1500 metres — g .
. Al spechcations and nicrmation are based on ¢ jirent data atthe tune n! C Ji I ’“L_'_T e
A Lubncat.on approval UO}:GSON.\?\‘ 'lghlw"h(‘-ul.ﬂ‘(;hl-' al o ur <,u-~9;\1 Al "G”G*‘—’{
) ©ycnange modidy and updale des@gny anct ssachiiatong as Lt olirer
-:" ngang produCl i mprovement programi L J
L 4 Lan.acyg 1387 - — - - — - ——
>4
“ vdli crour umiTen
‘. Denmore Road
"' ahdga 0' Don Lnderwate: Systems
Averdeen AB2 8JW — e
| . Teiephone (0224) 703551 Telex 73361 Fax 821333 JOHNBROWN
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udi GROUP LIMITED

SEABED SURVEILLANCE SONAR MODEL AS370

The AS370 Seabed Survelllance Sonar The capability of connection of several
complements a family of mechanically scanned underwater sensors controlled by a single
sonars specifically designed for security and operator surface unit exists providing a
underwater surveillance systems. This family reduction in overall cost and complexity of
comprises the AS360, A5370 and AS380 multiple systems.

The AS370 is designed with long term Integration to larger systems is readily
immersion capabilities fur coastalwlers and dceompnshed via standard computer
harbour surveillance installations, where wmticrfacoes

protection againLt undorsalorninty ler, ot
as divers, submers:Ule, or GHonoose Lopboreator
craftis reguired.

underweier Syvtems

, JOHNBROWN




The AS370 surveillance sonar is designed to meet
the following operational critena.

e Long Term Underwater Immersion
¢ Shallow Water Deployment

¢ Ranges to 1000m

¢ High Resolution Display

* Secure Long Interconnection

e immunity to Acoustic Interference

LT " o e Ve R e LA T 2 A Aal Thg o' iiad -
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SEABED SURVEILLANCE SONAR

Control Unit;

The surface control unit offers varicus cispiay and
processing features. These inciude.

® Six Page Storage and Recal

¢ Zocm x 5 Magn.fication

¢ Crigin Shift x 2 Magnification

e tiormal PRI Display

e Recordable Video Output Format

,(_.. . The keyboard allows further reference annclation to
PO be made on the screen.
A
Ca -'_-.
;_:.._-_ Control Modes:
L
r.‘_.-_'. The following control modes are availabie to the
P cperator accessed via ICONS
@
. ¢Gainlaw
AR s Transmisicn Power
e e Scan Position
AR e Compass Correction
e sRanjge
e s Alarm Functiuns
‘ . s Beam Tt
L=t e SonarMostes
ARSL s Zcom
S
ATV
~
AR
l"‘!r'\-
e LN
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 MODEL AS370

Sonar Modes:

There are three sonar modes employing different
transmission and signal processing techniques.

These are:
*PCW :For optimum range resolution
¢ CHIRP  :For maximum interference immunity

¢ DOPPLER : Target relocating unalysis

4%
-~

g
SR

UNDERWATER UNIT ON TRIPOD

Alarm Facilities: ’

Enables the detection and tracking of scnar targets
which satisty selectable predetermined parameters
such as:

e Amphtude/ Threshold

e Targel Size

o Duppler Content

B selection, the operator may be presented with
eaher

¢ Alarm Contacts Only

e Sonar Plus Alarm Contacts

Puoance alarm tnggenng may be ehminated whilst
L gl sensdinalies by means of o pauit bux tacdty

oy
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SEABED SURVEILLANCE SONAR MODEL AS370

Systemisation
Features:

Multiple Underwater Units — Forinstallations
requiring extensive underwater coverage a number
of underwater units may be controiled by a s:ngle
surface unit.

Complete System
Integration:

By use of standard computer intertaces, the AS370
surface control unit may be controtied remotely
ailowing integration into larger surveiilance systems.

Mechanical PPI SONAR DISPLAY
Construction:

The transducer array rotates within an acoustically
transparent GRP dome which prevents marine 4
growth forming on sensitive array surfaces. All
components exposed to seawater are manufactured
in GRP, PVC or stainless steel material. As an
additional precaution, the dome can be filled with
clear, fresh water prior to final seabed installation

Cable:

The interconnecting cable is constructed with
combined electrical and optical fibre conductors
supported by a Kevlar stressmember and finished in
an outer jacket of polyurethane. Cable is terminated
In a strain bearing connector to suit customer length
requirements. Single cable lengths of up to 6Km
may be used. However, this can be increased by
means of inline signal repeaters.

Cable Handling
Equipment:

A stipring hand winchis available onrequenst for site
testwork purposes Also storagereclsiofnaitate
siteinstallation work,

L R N A
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SEABED SURVEILLANCE SONAR

MODEL AS370

lfSPEC|FICAT|0N: |
: . o
i Sonar Physical !
f Beampattern "4°x6° Underwater Unit

Range 50, 100, 200, 500, 1000m
+ Transmission Power  :Variable. Beot;\IRalmg 60m.
' Scan - Sector or Continuous D.eng t ' lgggmm :
" Transmission Pulse  : Varable. W:amre‘ater . mm 1
| Ganlaw :Vanable or Auto €9 155Kkg. \
| Beam Tilt 1*15° Display Unit :
| Sonar Transmission : PCM, CHIRP DOPPLER. Dimensions . 575mm wide x 475mm high |
i Modes |
; x 515mm deep |
| Display Weight 56kg.
' RGB - Colour Monitor Power 220-240V, 50/60Hz 500VA
! . . Cable Combined electncal/Fibre
. PP -North Corrected Display. optic with Kevlar Stress

Controt : Tracker Ball, icon and Menu. P

Features : Target Zoom. : .

“Intruder Alarm. Weight - 40Kg/100m.

AN

-Range and Bearing Cursor.

-Recordable TV Format.

- Alarm Thresholds Variable.

cAlarm inhibit any area on
screen.

i
I
member. i
)
J

UDI1 Group Ltd

UDI s part of John Brown Engineers and
Constructors who are a wholly owned Subsidiary of
Tratalgar House PLC dedicated to development in
the field of Subsea Technology. The Company
supplies high resolution sonar and television to the
offshore and military markets. Engineering activities
include the development and operation of Subsea
work systems such as the Trenching and Cable
Burial System. Operations also include a survey
division with considerable expenence in ofshore
positioning, navigation and sonar surveys.
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udi GROUP LIMITED

SONAR SYSTEM

AS380

MULTI-ROLE SURVEILLANCE

AS380
CONTROL CONSOLE

Introduction

The AS380 s a sophisticated mulli-tole surveiiance sysiem
designed for either permanent installation or mobile deployment
The system comprnises an underwaler unit wilh rotating multiple-
array transgucer assembly and a single operator conlrolled
console. State of the Art electronics and signal processing
techniques plus the latest ideas for operator control are combined
in the AS380 to give an extremely versatla system which is
simgle 1o use and requires Minimum operator raining

The extensive control and monitoring facilities enable the sonar
performance to be optimised to suit any mediumylong range
survediance requirements wilthin the scope of the system

Two basic scan modes are available — detection mode and
classiticalion mode. In the detecton mode the system can
pertorm a comparabively 1as! general purpose search for
stationary of moving targets up 1o 3Km away

The classification mode enaties lurther, mure deldied. analy L.
ctiargets winin arange of TKm The syster can 34iug Lynrdlen
a uslen ohiy passive mode drequired asow vy ateand.;
estmaion of auditle man man nuwise wihan tne vicindy

Furtrer su-modes such as LatliyMelne profurg nciud - o ced ol
sGurd, ceptn. tamperature and ne.ght meas.sements are nc.uded

Typical Applications
B Soumanee Uetecton B Harboor Protect on
B (~iruder Cetecton (Dworsy WOl Piat i Serur e,

B Saivana Operations

Under water Systame

Mobile Deployment

The AS380 underwater unit may be deployed from a ship or
hehcopter to provide a mobde search faciiity. The unitis lowered
inlo the water by its umbihical from a hand or electric slip ring
winch. To prevent contact of the underwater unit with the seabed.
an echo sounder provides an audible warning and altitude
measuremants at heights of less than 30m. Depth, temperature
and sound velocity measurements are aiso continuously
displayed.

Permanent Deployment

For permanent instaltation the underwater unitis fitted with a
subsea buoy and moorad to a seabed lixture via its umbilical.
The control console can be left unmanned while the system
looks’ for intruders An alarmis automaticany raisedif an intruder
1s detected Allernalively the many faciios ¢f the system enable
more carelul manned monitorning ol the scene

UDI! Group Ltd
LD1s part of the worldwice Engineenng Group ol
Jotin Brown PLC dedwated o suseicp
Technglogy The Compary scyi 88 high 1e5ululion sonat and
10.6v:5:0n 10 the cshore and mutary marse's Engineenng

Actietes inciuia the doven e and cpoetas

wentathg hed uf Subsed

a0 Gulsna wark

Sy LIS SUL s NG huw e TG wad L a0 By 0 S, lem
Uprahions aiso inClude @ 5ulv @y JiviSivn w.lh Lonsiiordoie
Capenence N oHshGng oL ol Nay Galiun and sondr surveys
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AS 380 DEPLOYMENT METHODS
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Control Console Underwater Units
Shipboard/Seabed Helicopter Depth Rating 60m 250m
Deployment Deployment Temperature -10to +40°C ~10t0 +40°C
Corstruction Single Operator Single Cperaior Helcopter Deployment 110Kg* 180Kg°
Conscle Consc.e incpen Shp Depioyment 120Kg* 200Kg"
frame constructon  oimensions 1520 x 720mm 1520 x 720mm
Dimensions 1770 x 750 x 930
weight 150Kg ‘Al weights quoted are in air
Monitors RGB 750 line RGB 750 ine
tesolution resolulion Features
Detection Mode 360° coverage
Specification Chirp and Doppier
ACOUSTIC Doppler tilenng
Detectior. Mode: Classilication Mode Target Scanning
Frequency SO0KkHZ Zoom
Beampattern Honzontal 30° Vertical 10° Increased range resolution
Moduiation FM (Churp) CW (Doppler) Passive Mode High sensilivity
Puise Widin Vanabig Beanng
Sector Coverage Any 60° 10 360° or 3607 continuous Bathymetric Moda Velocity/Temperature/Deplh/ Alltude
Range 1000/2000/ 3000m Addibonal Features Optmisation ol receiver gain and
transmitied sonar parameters
Ciass/.caton Mods. Compass compensaled PPI displuy
Frequency S0kHZ Tt and water leak sensors
Beampatiern Honzontal 3 Verical 20%30% 0 System and umbilical integnly monionng
Sector Size vanabie Control Features System controlis fully programmable
Farge 250750 1 000 and s presented to the operalor via
ZoOm Fator <5 deopiay ICONs and menus Controlis
Pasave Mode Audio Band achigved either by keyboaid or cursor

Sensor

DepthvTemrperature AildudeT.L
Compass'Speed of Sound

udicroup LMiITED

Oervnore Road
Bndge of Don.

wmpiementahon

Underwaier Sysiems
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HIGH RESOLUTION SCANNING SONAR MTM

MULTI-TARGET MARKING SYSTEM

MODEL 2071

SONAR DISPLAY AREA
RANGE

AS SELECTED AT

SURFACE CONTROL UNIT
CURSOR TEXT

RANGE AND BEARING OF THE
CURSOR WATH RESPECT TO THE :

ORIGIN (IN CURSOR MODE ) OR THE
MARXER (IN MARKE R MOOE )

MARKER TEXT

RANGE AND BEARING GF THE
MARAKER WATH RESPECT TO
THE QRGN

COLOUR SCALE

p———= SCALE OF COLOUAS USED
FOR THE § INTENSINES

CURSOR CONTROL UNIT

Multi-Target Marker

The Multi-Target Marking system compiising of
aVideo and Cursor Control Unit, is designed
for use with the range of UDI Multiplexed
Scanning Sonar Systems and provides an
efficient means of making distance and bearing
measurements of sonar targets displayed.
When used in conjunction with the Muiti-Target
Page Store Option (Model No. 2027-3001) the
MTM system is capable of storing four screen
displays. The unit simply plugs into the rear f
the Surface Control Unit and, in conjunction
with special software within the system,
enables display of a moveable cursor, and up
to five labelled markers and associated text.
Pushbuttons at the top of the unit enable the
cursar and marker or imarkers to be selected
aind when used wilh model 2027-3021 allow
pages of the display to be stored or recalled. A
trackerball enables the cursor to be moved.

The appropriate text frame is displayed
automatically when the cursor or markers are
selected. This text frame provides the dislance

and bearing measurements of the cursor with
respect to the origin or marker, and <! the
marker or markers with respect to the origin. All
text is displayed on the right side of the display
together with a reterence colour scale for use
with colour sonar graphics.

UDI Group Ltd.

UDI is part of John Brown Engineers and
Constructors who are a wholly owned
Subsidiary of Trafalgar House PLC dedicated io
development in the lield of Subsea Technology.
The Company supplies high resolution sonar
and television to the offshore and military
markets. Engineering activities include the
development and operatinn of Subsea work
systems such as the Trenching and Cable
Burial System. Operations alsoinclude a
survey division with considerable experience in
offshore pasitioning, navigation and sonar
surveys.




;‘;:;_; HIGH RESOLUTION SCANNING SONAR MTM
3*;5 MULTI-TARGET MARKING SYSTEM MODEL 2071

!
~
M- CURSOR CONTROL UNIT, SPECIFICATIONS Marker
o (Single Mode) . ‘X' set by cursor
_:.: Parameters Specification pushbutton
: L . Marker
b - Dlmen§lons (Multiple Mode) : Uptofive numbered
‘o Operational : 216 (L) x 121 (W) x 76mm (H) markers set by cursor
.;-" Weight pushbutton on each of the
- Operational : 1.4kg four displays
o Inputs Text . Cursor and marker
" Power Supply . 5V dc distance and bearing
- Outputs measurements
. Control Signals  : TTL levels (see section 4) Display Resolution: Resolution is the same for
=~ Connector : 9way ‘D' type both European and
Cable : 8 core screened American formats. The
L Operator Controls k;llowmg figures assume
the originis shifted.
o Cursor pushbutton: Enables cursor and text g e
. display Range: Resolution:
L J Store pushbutton : Stores current sonar and 100m 0.45m
v ; 40m 0.18m
text display 20 0.09
b Review 10m 0‘05m
S pushbutton : Recalls any one of four m om
s previous sonar and text
,t diSD'aYS All specilicstions and inlormalion are based on Curfent dala sl the ime of
Trackerball  Moves cursor B et oo s o "
h » Dlsplay ongoing praduct improvement programmae.
ot Cursor . '+' moved by trackerball January 1987
1o
o
-t
S
\.:.
:}'
:C::
N
° L )
Pl CURSOR AT CENTRE
o
0.
i
<!
¥ L
0.
AN Sequence of events using 5 markers
R vl“\
s
j: VJI crour umiTeD
; J: [e)ogmou‘ Sgod
I Systerre
N Aberdesn AB2 8JW FTNETTSTY
® Telephone: (0224) 703551 Telex 72361 Fax 821319 JOHNBROWN
).-
o
A MR T R R R ORI NN NN I T " R R N s S d
PN, ” v A E N A A A A R S WP R RS AP N ‘




----

\:
vdi
1 AS360 M-SERIES OPTIONS
i‘\:
::;:: Sonar Systems
v Option Part No. AS360M AS360 MS1(A) | AS360 MSS
::‘;_'. Stand Alone Monochrome Display 2081 Yes Yes Yes
! \ 19” Rack Mount Monochrome Display 2085 Yes Yes Yes
. ) Stand Alone Colour Display 2088 Yes Yes Yes
::fj: Integral Enclosure (Surface Unit & 19” 2089 Yes Yes Yes
~ Display)
k "\._ Multitarget Marking Cursor Control 2071 Yes Yes Yes
® Unit
o Multitarget Page Store 2027 - 3010 Yes Yes Yes
= Heading Sensor 2370 Yes Special* No
f‘ . 200 metre Cable Assembly 2421 Yes Special* Special*
L Transducer Sealing Hood 2331 -1007 Yes No No
>~
y i_‘:l Alternative Underwater Housings Yes Yes No
) f-'-j Future Release
o RS232 Data Interface Yes Yes Yes
i
° IEEE488 Data Interface Yes Yes No
‘,‘ High Resolution Graphics Display Yes Yes No
. * Contact UDI
i~
!.. Options UDI Group Ltd
"’u". UD! now offer the above options to compliment UDl is part of John Brown Engineers and
and extend the versatility of the AS360 M-series Constructors who are a wholly owned
b of high resolution scanning sonars. Subsidiary ot Tratalgar House PLC dedicated to
oty development in the field of Subsea Technology.
el
1
.
-
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L J :
: \",;" Underwmar Systems
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HIGH RESOLUTION SCANNING SONAR

“

AS360 M-SERIES

OPTIONS

L I ———

Stand Alone Monochrome Display Part No. 2081
A high resolution 9 inch black and white monitor
housed in arugged aluminium spiashproof
enclosure. The monitor provides the optimum
display to match the sonar performance.

All connections are accessed via a front panel and
features include a contrast enhancement filter.

Power Supply :110/240V AC Auto Voltage Select
Dimensions 1 410(W) x 335(H) x 485(D)mm
Weight 1 23Kg

13 inch Monochrome Display Part No.2085
Same as above tut configured for 19 inchrack

mounting.

Power Supply :110/240V AC Auto Voltage Select
Dimensions 1 483(W) x 266(H) x 425(D)mm
Weight 1 14Kg

Stand Alone Colour Display Part No. 2088
A high resolution 13 inch RGB/Composite colour
video monitor housed in a rugged aluminium
splashproof enclosure with all input and output
connections accessed via a front panel.

The high bandwidth of the monitor is matched to

the sonar performance and provides optimum
display of the colour RGB sonar information.
Features include monitor auto selection of
composite video (PAL/NTSC) inputs.

Power Supply : 1107240V AC Auto Voltage Select
Dimensions :570(W) x 465(H) x 520(D'mm
Weight : 36Kg

(Display can be supplied with a standard 19 inch
rack mount).

Integral Enclosure Part No. 2089
Housing the high resolution 13 inch RGB/Composite
colour video monitor (as above) and surface contro!
unit model the integral enclosure provides an *all in
one” surface control and display operating station.
Buiit in a rugged aluminium splashproof enclosure
allinput and output connections with accessed viaa
front panel.

Power Supply :110/240V AC Auto Voltage Select
Dimensions : 570(W) x 600(H) x 603(Dymm
Weight : 64.5Kg

All spacifications and intormation are based on current data at the ime of
publication approval. UD1 reserve the right without nolification or obiigation
to change, mo Jify and update designs and speciicalions &s part o! their
ongoing product improvemant programmae.

February 1987

Udli crour umren
Denmore Road

Bridge of Don

Aberdesn AB2 8JwW

Telephone (0224) 703551 Telex 73361 Fax 821339

Muiti Target Marking Cursor Controi Unit

PartNo. 2071
A multi target marking system providing accurate
range and bearing measurements of displayed
sonar targets. Two modes of operation aliow for the
measurement to a cursor and up to *five marked
targets from the sonar or alternatively the relative
range and bearing between two targets. The cursor
control unit enables the display and movement on
screen of a cursor. The position of the cursor and
subsequent marked positions appear as range and
bearing information on screen and to the right of the
sonar picture.
‘{our targels it heading sensor installed.

Multi Target Page Store Part No. 2027 - 3010
Used in conjunction with Mode! 2071 (as above)
additional display memory enables up to four
separate pages of sonar information to be stored
and reviewed.

Heading Sensor PartNo. 2370
A magnetic fluxgate heading sensor provides
compass information which after transmission is
displayed on screen as either “text” only, “North up”
corrected display mode only or “text” and “North
up” display mode combined.

Interconnect Cable Assembly PartNo. 2421
For the interconnection of the underwater unit to the
surface control unit. The assembly comprises of 200
metres of cable un storage reel and a 20 metre deck
cable.

The assembly is used for all general purpose
applications where ROV umbilical integration is not
required.

Transducer Sealing Hood PartNo. 2331 -1007
A sealing hood assembly housing the rotating
transducer array in a clean fluid medium. For use in
severe operating conditions to eliminate the ingress
of suspended silt or fine abrasive particles.

Underwater Housing
Alternative underwater housings are available to
meet customer specifications.

Unceresier Bysiemy

JOHNBROWN
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SPECIFICATIONS )

KLEIN SIMULTANEOUS 100 kHz/5C0 kiiz
DUAL FREQUENCY TOWFISH - MODEL 422S-101HF

The Kle{n Model 422S-1ClHF is the most advanced towfish in the frndustry. It
provides digitally controlled, simultaneous operation of both 100 kiiz and 500 kHz
side scan sonars, yet retains the physical characteristics of the curreat sicgle
frequency towfish. The towfish contains dual array transducers which send cut high
intensicy 100 kHz and 500 kHz bursts of acoustic enmergy in fan shaped beazs :c
either side of a moving vessel., The beacs are narrow o the herizontal plane and
wide in the vertical plane. The acsc ©f the fish {8 an O-Ring scaled pres:

nousing whnich contains the transzitting, recelving asd comzunications switonliny
circuitry., The tramsuitters energlze the transducers when a trigger pulse is
received froxo the shipboard recorder or transceiver. The "State~0f-The-art’ 1w
r.odise tezediving circults amplify the received echoes and send thex up the tiw catle

to the record:r. The commenications/switchicg board receives digital sigrals froz
the surface recorder allowing full operatioual control of all traunszitters and
receiving circultry in the towfish. Klein towfish feature cocpletely modular
construction.

FEATURES:

—Fully compatible with all existing Kleirn Side Scan Sonar Systems.

--Proven Deep Tow Capability

A1l Klein Side Scan Sonar Towfish are rated to depths of 1000 Meters. Deep
operation has been proven in successful missions by the U. S. Navy and others.
Klein Towfish are also available rated to full ocean depth (12,000 meters). Please
contact us for details. .

—Streanlined

Klein Towfish feature clean hydrodynamic construction for minimum drag and
stability at all speeds.

—No Crosstalk
Special construction and electronic techniques help eliminate back radiation and
coupling so that one channel does not pick up signal from the other channel.

—Self-Contained Electroalcs

Built in transducer drivers and amplifiers (on easily accessible, replaceable
plug-in circuit boards) minimize the effects of cable loading on the signal output
and help eliminate the effects of shipboard noise sources. No speclal tuning is
required 1f the cable length is altered.

—Breakaway Tail

Klein Towfish have stabilizing tail fins which are designed to break away in the
event of a snmag. Standard fins are flat (Model 14100001) and a circular tail
shroud is available as an option (Model 402-403--Standard on Towfish Model
422S-101EF)

--Rugged Construction

Klein standard Model 422S Towfish are counstructed of solid, precision machiped 316
stainless steel (including hardware) for extreme durability and corrosion
resistance. No castings or thin sheet metal are used.

KLElN ASSOCIATES’ 'Nc' xr:::m:‘.u ta contenls are conhdential snd proprelary matenal
UNDERSEA SEARCH AND SURVEY @ ocdintarmauen of Kiain Associates. inc. Tt & 2na i1s contonts
Klen OriveSalem, New Hampshie 03079 - USA [ RSl Nl oo e

Phone: 603:893-6131  Teiex: 94-7433  Cable: SONAR ‘

®

hhl~l~1lx h-A --h.x.\-n.-

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
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.:f —Fully Modular
a5 Klein Towfish feature easily replaceable transducers. The entire Towfish is fully
Lo modular so that any part (including the tow point connections) may be easily
; replaced in case of damage or wear. Individual towfish modules may easily be

wounted on manned or unmanned submersibles.

“'

::: —--Safety Attachment Points

- Attachment points are provided in the rear and nose of the Towfish for various

~ kinds of safety rigging.

N

:x —Testing i

A Every Klein Towfish is run in for a minimum of eight hours and then tested aud
;:: calibrated in our large acoustic test tank.

.,_'\-
N OPTIONAL FEATURES:
A --K~-Wing® Built-In Depressor
{#: The Klein K-Wing® I and K-Wing® II Depressors attach directly to the Towfish. The
i: K-Wings® help improve the diving characteristics of the Towfish. The large K-Vane®
j« Depressor is also available. The K-Vane® attaches separately and is used for

N deeper or faster towing. See separate data sheet for additional details.

o

= —Built-In Relocation Pinger

- An optional Pinger Beacon Attachment (Model 212-00100) may be attached to the

r. Towfish. The Pinger activates automatically when the sonar is lowered in the water
-:Z and runs on its own internal battery. It can be used to locate the Towfish on the
i sea floor in case the tow cable should break. The Pinger has a detection range of

[

2000 to 4000 meters and a 30 day operating life. Klein Associates has a Pinger
Beacon Underwater Locater Receiver available for use in emergency. A Pinger Test
Set is also available for checking the Pinger on the deck of the ship.

”~—

MODEL 422S-101HF TOWFISH SPECIFICATIONS

X ==0Output Frequencies: 100 kHz 500 kHz
—Pulse Length: 0.1 M Sec 0.02 M Sec
;‘3 --Horizontal Beam: 1 Degree 0.2 Degrees
& .
.<ﬁ --Vertical Beam: 40 degrees 40 degrees
o tilted down 10 degrees tilted down 10 degrees
'i: below horizontal below horizontal
-
o
o --Max. Range Per Ch: 300 to 500 Meters 50 to 150 Meters
'..‘
ﬁ: ——Acoustic Output: 228 DB Reference one 216 DB Reference one .
. micropascal at one meter micropascal at one meter
o —Weight in Alr: 59 1bs  (26.5 KG)
o --Length: 56 Inches (142.25 CM)
-/‘_\.
e —Diameter 3.50 Inches (8.90 CM)
\ »
- —Construction Material: 316 Stainless Steel
o
W —Safety Line: . Yes
!: --Depth Rating: 1,000 Meters
b
S,

L e NN N oL P UL S P UL UL I ‘-_-., -~_‘-—.- AP AT R - o et et an .o -
PSSP P P A 2 PR L [T -l



-

« ‘ L »h%{ﬁéu’ixra. .

PR
; >

. R R 3 e e . - e [ .
A ALt ataialsialal sl ASaiatalasnlias I vy iy, L S AL S

r
4 ) )
i. PP TP U SRS S SO PSS



S iol wl At Aes el Ak st G i Al e A Sl el Sl Sl i Sl et At et S S S a0
AS
>
AL i
- e - v ~ ~ AR GEGLe B] o) -~
KLEIN DIGITAL SONAR - SYSTEM 590 |
R c THE NEXT GENERATION l
N
- |
':.‘. The Klein 590 scries of HYDROSCAN® Side Scan Sonar and Sub-Bottom Profiling Systems is the most sigmificant !
.-;\‘. advance since we introduced the first scabed  survey systems two decades ago. The basic 590 System consists of the ‘
|

Y Model 595 Graphic Recorder, the Model 422S-101HF Simuliancous Dual Frequency 100 kH#/500 kHz Side Scan Sonar

. Towfish and a 100 Mecter high-swength, lightweight mulu-channel tow cable. Each of these components is new, and

-:. they all represent the state-of-the-art in the sonar field. The 595 Graphic Recorder is controlled by a powerful

‘- microprocessor and includes a wide varicty of capabilities inciuding image correction, record expansion, sophisticated

:: annotation and menu-driven operation. A versaule display formut allows the operator to print up 1 four channels with a

b wide varicty of options as listed in the Mcenu Opuions below.  The 595 also fcatures a totally new, fixed head, high

v resolution, high speed, dry thermal printer in which ecach  dot is individually addressed to produce 16 distinct gray

' ) shades. The system is designed to be casily expandable. For example, current Klein customers can obtain the 595 only

_:' and use it with their present towiish and cable. N w customers can start out with a single frequency sonar towfish instead

.";': of the dual {requency unit, and later, as the budget permits, expand the system with the dual frequency unit, the sub-

: ~ bottom profiler or other opticns.

4

M . Also included with each system is an A.C. Powcer Cord, a D.C. Power Cord, 2 Remote Event Mark Cable, a Tape Interface

:: Cable Set, three rolls of Rccording Paper and an Instruction Manual. The system is complete, and rcquires only a power

_J:‘ source to make the finest sonographs of the seca bed.

AR A wide varicly of options and accessorics are available for the 590 system including Sub-Botiom Profilers, alternative

‘ Side Scan Sonar Towlish, Microprofilers™, Multiplexers, Armored Cables, many Towing Accessorics, the full-occan

-r depth Klcin SMARTFISH®, spares kits and tape recorders. Systems are available in modular form for mounting on

[ manned, tethered and autonomous underwater vehicles.

o .

<., MENU OPTIONS: SPECIFICATIONS:

Yo DEFAULT VALUES ARE UNDERLINED CASE SIZE: 448 CM (17.6 IN) WIDE

' RANGE SCALES: 12.5,25,37.5,50,75,100.150,200,25G,300, 400, 559 CM (22.0 IN) HIGH

-~ 500, 600, 750 METERS 29.2 CM (115 IN) DEEP

7+ SCALE LINES: OFF 5 10 15 20 25 50 METERS FRONT PANEL SIZE: 48.3 CM (19.0 IN) WIDE

v CHANNELS: 12134 NOTE-CHANNEL ASSIGNMENTIS: 57.8 CM (22.8 IN) HIGH
" 112  1: Port 100 kHz Side Scan WEIGHT: 22.7 KG (50 LBS)

s 314 2: Starboard 100 kHz Side Scan MOUNTING: STAND ALONE OR STANDARD 19 INCH

1215  3: Port 500 kHz Side Scan RACK MOUNT, OPTIONAL RACK MOUNT CASE AVAILABLE

' 3415  d4: Starboard 500 kHz Side Scan MOUNTING ORIENTATION: ANY

. 5: Sub-Boltom Profiler POWER INPUT, SWITCHABLE A.C OR D.C:

" MAPPING MODE (Image Correction): QFF ON A.C. 105-125 VOLTS OR 210-250 VOLTS,

<.  SOURCE: TAPEMONITOR EISH TAPE SWITCHABLE, 47420 HZ,

::' ALTITUDE: AUTO 0.0 - 75.0 METERS, MAN 0.0 -75.0 METERS SINGLE PHASE. 100 WATTS AVERAGE

= ALTITUDE ALARM: OFF ON 2 -30 METERS D.C. 23-30 VOLTS (INPUT PROTECTED FROM

9 SPEED: MANUAL 10 -20.0 KNOTS REVERSE VOLTAGE OR OVERVOLTAGE),

o EXTERNAL 1.0 - 20.0 KNOTS 100 WATTS AVERAGE
) ¥_': AUTO MARK: QFF, ON 0:10 - 10:0C IN 10 SEC. INCREMENTS RECORDING PAPER: DIRECT THERMAL, DRY,

,..' EVENT COUNT: QFE UP DOWN ODORLESS, ARCHIVAL, BLACK AND WHITE
B, EVENT NUMBER: Q - 9999 WIDTH: 43.2 CM (17.0 IN)
j+?  SIDESCAN EXPAND: QFF ON LENGTH OF ROLL: 46 METERS (150 FEET)
o SIDESCAN DELAY: 0 - 600 METERS IN 5 METER INCREMENTS DOT DENSITY: 8 DOTS/MM (203 DOTS/IN)
::: IS’IRD(§ZX§ICLAEI;Jz Dé)s([;l;?\\;) 1OQ-EZEOOOB;1‘ETERS IN 5§ METER INCREMENTS OPERATING TEN}PERATEJRE: 0: CTO *Zgz g
7' PROFILERDELAY: 0 - 600 METERS IN | METER INCREMENTS  STORACE TEMPURATIAS GITALLY CONTROLLED
;-} PROFILER DISPLAY: ’10 - 200 METERS IN 5 METER lNCRE)»"iENTS TOWFISH (SI.DE SCAN):. 100 KHZ 500 KHZ
:',: NAVIGATION SOURCE: r:{r;ggNggsmc GPS, MINI RANGER, HORIZONTAL BEAMWIDTH 10 0.20
A 4 FAST FEED (Rapld Paper Advance) VERTICAL BEAMWIDTH 400 400 ;
S TIME: HH:MM:SS IN 24 HOUR FORMAT PULSE LENGTH, MILLISEC 0.1 002
o DATE: DD:MM:YY ACOUSTIC OUTPUT, DB.PEAK 228 216 ]
o TOWFISH LENGTII: 145 CM (57 IN)
s TOWFISH WEIGHT IN AlIR: 27 KG (60 LBS)
": TOWFISH WEIGHT IN WATER: 23 KG (50 LBS)
SPECIFICATIONS SUBJLCT TO CHANGE WITHOUT NOTICE
¢
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SYSTEM FEATURES:

NEW DRY PAPLR GRAPHIC RECORDVER: The new 595 Graphic Recorder uses the latest dry thermal paper. This
plastic-based paper 1s tear resistant, scratchproof, odorless, archival and dimensionally stable. The 595 also fcatures a
butlt-in take-up recl and a paper cutter. If the Recorder runs out of paper, an alarm sounds and stops the printer. A stripe
toward the end of the paper roll also warmns of low paper. Built-in power supplics allow the system 1o be operated on the
A.C. mains or on s D.C. power source such as batterics.

! USER FRIENDLY: The 5§90 System is extremely friendly to the operator. Sonar tuning is automatic through the use '

of the unique Klein Automatic Digital Hands -Off-Tuning®, the most advanced side scan sonar tuning available (manual
tuning is available as an option). System control is superbly simple. All operating paramcters are casily set up via 2
front-panel display menu and simple front-pancl pushbuttons. The menu has default sclections, so that the System is
fully up and running the first time it is tumed on. A builtuin, long-life lithium battery maintains the real-time intemal
quartz clock as well as all of the most recent menu sclections if the System is tumed off or if the power fails. The
\ operator can easily resct to the default settings if desired. The menu has sutomatic lockouts to help prevent impossible
" scitings.

Y FULLY CORRECTED OR UNCORRECTED RECORDS: The System automatically produces side scan sonar
N tecords which are fully image corrected for slant range and speed distortions.  This enables the operator to assemble K-
::< MAPS® true-scale sonar mosaics. In this mode, the sonar data has the water column removed and the selected range
: setting sets the exact width of the sea bed swath to be displayed. The ping rate is maintained at an optimum rate
- to ensure as many pings on thc target as possible (to maintain the excellent target detection and deliniation

‘ characteristic of Klein systems). The image produced is also aspect ratio corrected, with the vessel's towing speed being
either entered manually through the menu or externally from an RS232 interface to the navigation instruments on board
- the vessel.. Altitude information is also entercd either manually or it is extracted from the sonar signal with a tracking
Kalman filter. Altenatively the System may be sct to make uncorrected records for applications where the presence of §
the water column display is useful such as mid-watcr object scarch, fish location and gas seep detection.

oy

DELAY AND EXPANSION: The System can delay and expand any portion of the sonar record over the full widih of a
recording channel. Segments as small as ten meters can be displayed. This allows the Recorder to ac! as an electronic
-"zoom lens” to expand an area of interest. For example, an intcresting target at 300 meters range can be expanded so
that 10 meters of the sca bed fills an entire 8 inch wide displayed swath. Within that 8 inch width, the target is resolved
into almost 2000 pixels. In this manner, taped data may be played back and closely cxamined at leisure. Delay and
expand is provided indcpendently for the sidescan and for the sub-bottom channels.

»
-

o
[ R B S}

[l 2k R
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SOPHISTICATED ANNOTATION: Events may be annotated on the records in a varicty of ways. Automatic event l
marks may be placed at intervals ranging between 10 seconds and 10 minutes in 10 second increments. Manual events
are placed on record with either a button on the front pancl, or with a remote event mark cable. Each event mark may be
accompanied by a variety of annotation. In its simplest form the cvent mark is a very thin horizontal line, This line
may have sn event number associated with it. The event number is automatically incremented (or decremented). The
starting event number of a survey takes up wherc the instrument was last tumed off (for those surveys which may take
. many days), or it may be sdjusted through the menu. Along with the event number may be included the time or date, the
scale line interval, and up to five lines of navigation or other external information.
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SIMULTANEOUS DUAL FREQUENCY SIDE SCAN SONAR: The System has a built-in capability to operate
with the unique Klein Simultancous Dual Frequency (100 kHz/500 kHz) Side Scan Sonar. The two frequencies truly
operate simultancously, not altemately. This allows for extraordinary versatility in detection, classification and  signal
analysis. In kecping with Klein's philosophy of commitment to our customers, the new System is also compatible with
all existing Klein Side Scan Sonar Towfish, Sub-Botlom Prolilers and Microprofilers™,

[y
[

7
s
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DIGITAL OR ANALOG INTERFACK: The Systcm has both digital and analog signal outputs so that it may be
interfaced to digital or analog tape recorders as well as computers and image processing systems. The System has auto-
ranging so that it will automatically adjust 10 the range sciting of the taped data. Functions such as scale correction,
deluy and expansion can be done in real time or can be performed in post-processing from taped data. Both the altitude
and the towing speed settings are recorded onto tape to allow the maximum flexibility in post-processing of recorded
data. Navigation instruments talk to the System through an RS232 interface with menu-selectable protocols. Simply
scroll to the Nav Source option in the menu and select the protocol from a number of possibilities including parroting,
GPS, Loran-C and more. The System takes care of stripping the incoming data of superfluous information, and lcaves the
operator v th latitude and longitude, or lane numbers as appropriate.

RUGGED AND SERVICEABLE: In kceping with the Klcin tradition, the new 595 Graphic Recorder is extremely
rugged, reliable and servicable. Only the fincst available componcents and  construction techmques are used tuoughout.

»
s

- Most plug-in clectronics are easily accessibic {rom the front pancl. The System is designed to have a long mecan time to
. failure. In case of problems, the Recorder has internal diagnostics to aid in troubleshooting.  For example, 1n case of a
» board failure the menu will be blanked out and the message “Printer Control Card not responding™ will appear.
n
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WARRANTY: Kicin Associates cquipment is backed by a one year Limited Warranty. A copy of our standard
Warranty is available on request.

RECORD INTERPRETATK)N Klein Associates has available @ manual on

Side Scan Sonar Record Interpretation. Klein also offers formal operator training courses. Contact us for deiails.

KLEIN TECH NOTES: Klcin HYDROSCAN ® clicnts arc put on our mailing list to receive KLEIN TECH
NOTES. In this newsletter we advise our customers regarding system updating, special problems which may be
encountered, operational tips and other matters of interest.

-

NITELINE: a Nightiime Inquiry Telephone Emergency Line is 2::::3 ::: g:&d

Customer Rmergeney arvice

in effect at Klein Associates. Worldwide clicnts may reach key Klein
technical and sales personnel on nights, weekends and holidays by
simply dialing the company's telephone number (603) 893-6131.
Trained operators will direct your call to appropriate personncl. The
emergency service starts at the close of our business day on weekdays
(typically 4:30 P.M.) and will remain in effcet until the opening of
our business day the following morning (typically 8:00 A.M.) The .m,%“gfsg1
service is also in effect every weekend (Saturday and Sunday),
holidays and other times our business is closed.

24Hours s day -
7 Days a wesk

TOWING ACCESSORIES: Kicin offers a complete line of Towing Accessorics including cable depressors,
towing winches, slip rings, termination kits, towing shock absorbers, snatch blocks, deck cables and strain members.
For more details, please ask for our Towing Accessories brochure.

ABOUT THE COMPANY: Since its founding in 1968, Klein Associates, Inc. has been a pioneer in the
development of side scan sonar, sub-bottom profilers and rclated inswuments and accessories for undersea search and
survey. We design, manufacture and support cquipment which has a worldwide reputation as the standard of excellence
in the industry.

The Company has an expericnced staff of technical personnel who are familiar with the demanding requirements of the
ocean environment. We arc small enough to give you personal attention, yet big cnough to give you excellent
service. We maintain an extensive inventory of spare parts ready for rapid air shipment to your location. We have
sales and service representatives in many kcy locations around the world.  Several of these representatives have
systems and spare parts in stock for immediate delivery.

Our worldwide clients include Engincering Survey Companics, Geology Survey Departments, Hydrographic Surveyors,
Pipeline Companies, Oil Companies, Archacologists, Marine Salvors, Port Authorities, Treasure Hunters, Universities,
Research Institutions, Submersible Opcrators, Environmental Consultants, the United States Navy, and many
worldwide Navies.

Klein equipment has an extraordinary record of success. Qur sonar sysiems have been used to help find the Titanic, the
Atocha, the Lusitania, the DeBraak, the Hamilion and Scourge, the Breadalbane, the Edinburgh, the Republic, the
wreckage of the Space Shuttle Challenger and countless others.

We have a 30,000 square foot facility which includes two large acoustic test tanks and a pressure vesscl for simulating
deep ocean pressure.

In addition to our line of standard producis, we invile customer inquirics for special systems or service. Please fecl
free to call on us for assistance in your application,

© 1987 KLEIN ASSOCIATES, INC. - ALL RIGHTS RESERVED

MAKING THE OCEAN TRANSPARENT™

KLEIN ASSOCIATES, INC.
UNDERSEA SEARCH AND SURVEY

KLEIN DRIVE SALEM NEW HAMPSKIRE 03078 USA
PHONE (6031 B9) 8131 TELEX 04 7439 CABLE SONAR
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KLEIN ASSOCIATES, INC. UNDERSEA SEARCH AND SURVEY

WYUYL. E"V‘WT

Klein Doive ¢ Salem, New Hampshire 03079 U.S A. (6031893-6131 » Cable: SONAR » Telex: 347439

PRICE L1ST FOR

MODEL 590 SYSTEM COMPONENTS

EFFECTIVE 17 JUNE 1987

Item

Model 595 Recorder - When Configured To

- 100 kHz/500 kHz Dual Frequency Side
3.5 kRz Profiler Data

- 100 kBz/500 kHz Dual Frequency Side
- 100 kHz or 500 kHz and 3.5 kHz Dual
- 100 kHz or 500 kHz Single Frequency
Model 422S-101HF Dual Frequency Towfish

100 Meter Multi-Channel Lightweight Tow

Accept:

Scan and

Scan

Frequency

Cable

Louger lengths available at $15.93 per additional meter.

100 Meter Multi-Channel Armored Tow Cable
Longer lengths available at $13.98 per additional meter.

*Armored Cable Cut and Reel Charge, per

length

PRICES ARE SUBJECY TO CHANGE WITHOUT NOTICE
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U.S.Dollars

F.O0.B.
Salem, NH

$41,325.00
$39,203.00
$35,490.00
$33,368.00
$22,500.00

2,993.00

2,698.00%*

175.00
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